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A study was conducted to assess phenotypic, biochemical, and molecular diversity in 
coriander accessions from the North Central Regional Plant Introduction Station, in Ames, 
IA. To that end, 139 accessions were initially characterized for phenological and 
morphological traits and for fatty-acid composition. A second year of data was collected on 
these traits from a subset of 60 accessions selected to represent the overall range of 
phenological and morphological variation. In addition, fruit essential-oil content and 
composition were determined, along with a headspace analysis to characterize volatile 
compounds from the leaves and an analysis of amplified fragment length polymorphisms 
(AFLPs). Basic statistics and Pearson correlations were estimated. Matrices of geographical 
distances (GD), modified Rogers' (MD) distances for molecular data, and Euclidean 
distances for phenotypic (PD), essential-oil (EO) and fatty-acid (FA) profiles, and for the 
combination of the last two data sets (EOFA) were calculated. Analyses of variance 
(ANOVA), Mantel tests for distance matrices, cluster analyses (CA), principal components 
analyses (PCA), and analyses of molecular variance (AMOVA) were also applied to 
elucidate patterns of variation among coriander accessions. All the analyzed characteristics, 
except for leaf volatiles, showed significant differences and wide variation among 
populations at the phenotypic, biochemical, and molecular levels. Significant correlations 
were identified for GD with PD and FA, for PD with FA and EOF A, and for MD with FA, 
with weaker correlations between MD and both EO and EOFA. CA yielded different 
dendrograms and groupings from PD, EOFA, and MD. And PCA generally supported 
grouping patterns from CA. AMOVA supported the three grouping patterns established from 
PD, EOFA, and MD, but percentages of variation among groups, among populations and 
within populations were about 5, 25, and 70%, respectively. F statistics (fixation indices) did 
not support clear differentiation among groups formed on the basis of phenotypic, 
biochemical, and molecular data. A shared genetic base and a recent human selection 
process affecting relatively few genes are discussed as possible explanations for the observed 
weak genetic differentiation among the studied coriander populations. However, it should be 
possible to use the concept of "Group" outlined by the International Code of Nomenclature 
for Cultivated Plants (ICNCP) and combine the results from these phenotypic, molecular, and 
biochemical characterizations to develop a utilitarian classification for coriander populations. 
This type of classification could lead to a better understanding of the gene pool in coriander, 
and it should be helpful for researchers, growers and breeders working with this species. 
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CHAPTER 1. GENERAL INTRODUCTION 
Introduction 
Coriander (Coriandrum sativum L.) is an annual member of the family Apiaceae. Together 
with seven other genera, it is among 21 species of tribe Coriandreae W. Koch, which is 
included in subfamily Apioideae (Szujkô-Lacza, 1994; Diederichsen, 1996). The genus 
Coriandrum has only two species: C. sativum L., which is the cultivated coriander, and its 
wild relative, C. tordylium (Fenzl) Bornm., native to Turkey (Davis, 1972); there are not 
evidences for domestication of C. sativum L. from C. tordylium. The basic chromosome 
number of the genus Coriandrum is x=ll, and C. sativum L. is a diploid with 2n=22 
(Darlington and Wylie, 1955). Coriander is mentioned by ancient sources nearly 3,800 years 
ago (Szujkô-Lacza, 1994), and Purseglove et al. (1981) tentatively established the eastern 
Mediterranean region as its center of origin. Yet a comprehensive review (Diederichsen, 
1996) found no clear evidence to define a center of origin for this species. 
Commercial coriander is produced mainly in countries of the former Soviet Union, Hungary, 
Poland, Romania, Czech Republic, Slovakia, Morocco, Canada, India, Pakistan, Iran, 
Turkey, Guatemala, Mexico, and Argentina (Kiehn and Reimer, 1992; Agri-facts, 1998). 
Those countries produce both the fresh green herb and the dry spice, which are the two main 
products obtained from coriander plants. A complete description of uses for coriander is 
described by Diederichsen (1996). Herb use is most common for culinary domestic 
consumption in Asia, the Middle East, and Central and South America. The spice is the 
dried form of the whole, mature fruit and is used in whole or ground form as a flavoring; it is 
included among the 20 major essential oils in the world market (Lawrence, 1992). The spice 
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is also employed for the preparation of steam-distilled essential oil and solvent-extracted 
oleoresin for the aroma and flavor industries (Purseglove et al., 1981; Potter and Fagerson, 
1990; Kiehn and Reimer, 1992; Agri-facts, 1998). 
Coriander plants produce essential oils from root to fruit, because of the presence of 
specialized epithelial cells throughout the whole plant (Szujkô-Lacza, 1994). The green herb 
has a characteristic aroma, mainly conferred by aldehydes (Potter and Fagerson, 1990; Potter, 
1996; Fan and Sokorai, 2002; Eyres et al., 2005); essential oil content from fruits is reported 
to vary from 0.03 to 2.7% (Purseglove et al., 1981; Diederichsen, 1996; Bandara et al., 2000) 
and content of seed lipids is reported to range from 9.9 to 27.7% (Diederichsen, 1996). The 
main volatile compound in the essential oil from fruits is linalool, and it typically constitutes 
more than 50% of the total. Other important constituents, present in less than 10% of the 
essential oil, are y-terpinene, camphor, geranyl acetate, geraniol, a-pinene, limonene, 
bomeol, camphene, and myrcene (Purseglove et al., 1981; Formâcek and Kubeczka, 1982; 
Kerrola and Kallio, 1993; Frank et al., 1995; Pino et al., 1996; Diederichsen, 1996; 
Jeliazkova et al., 1997; Baratta et al., 1998; Misharina, 2001; Smallfield et al., 2001). An 
unusual fatty acid, petroselenic acid, is a major constituent of coriander seed lipids typically 
representing between 75 to 85% of the total fatty acids (Kleiman and Spencer, 1982; Ross 
and Murphy, 1992; van Soest, 1992; Cahoon and Ohlrogge, 1994; Suh et al., 1999). 
Interestingly, cleavage of the unusual double bond in petroselenic acid leads to the 
production of lauric acid to obtain surfactants and edible products, and adipic acid for nylon 
synthesis (Kleiman and Spencer, 1982; Isbell et al., 2006). Other important fatty acids are 
linoleic, oleic, and palmitic acids (Ross and Murphy, 1992; van Soest, 1992; Diederichsen, 
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1996). But the diverse range of these compounds in coriander suggests that some of them 
may be valuable for classifying infraspecific relationships. 
Infraspecific studies of variation in C. sativum L. have been conducted, and most have been 
based on morphological characteristics supplemented with a few selected chemical 
characteristics. Purseglove et al. (1981) divided coriander into two types, based on fruit size: 
the large-fruited types (referred to as var. vulgare Alef. = var. sativum), and the small-fruited 
types (var. microcarpum DC). Large-fruited types are mainly produced in tropical and 
subtropical countries with seed essential-oil content of about 0.1 to 0.35%. Large-fruited 
plants have a short life-cycle. Small-fruited types are commonly produced in temperate 
regions and usually produce an essential-oil content of more than 0.4% (Bandara et al., 
2000). Ivanova and Stoletova (1990) described four geographic centers for different types 
of coriander: (i) India, (ii) Northern Africa, (iii) Central Asia, and (iv) Abyssinia; the same 
authors recognized four corresponding subspecies within C. sativum (indicum Stolet., 
sativum, asiaticum Stolet., and vavilovii Stolet.). Diederichsen (1996) conducted an 
extensive analysis of morphological variation, complemented by some major constituents 
from essential oil, and on that basis proposed six ecogeographic types: Near Eastern, Indian, 
Central Asian, Syrian, Caucasian, and Ethiopian. 
Most recently, Diederichsen and Hammer (2003) studied infraspecific variation in coriander 
for patterns of variation in phenological and morphological traits along with seed essential-
oil and fatty-acid content. Those authors proposed three subspecies: sativum, microcarpum 
DC, and indicum, with 10 botanical varieties assigned among those subspecies. 
Morphological traits have been used to characterize variation at different levels in plants, 
because of their straightforward detection and measurement, and relevance to germplasm 
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users. However, morphological traits also commonly have disadvantages, such as complex 
genetic control, making it difficult to relate patterns of phenotypic variation to their genetic 
bases, and environmental modification (Lombard et al., 2001; Nuel et al., 2001). Still, most 
investigations of variation within and among coriander populations have been based on 
morphological traits, such as plant height, leaf shape, and seed weight, and phenological 
traits, such as the periods from emergence to flowering and to harvest. But this may be 
problematic, as many of these traits in coriander are environmentally influenced, and 
genotype-by-environment interactions are common (Jindla et al., 1985; Sastri et al., 1989; 
Bhandari and Gupta, 1991; Angelini et al., 1997; Ali et al., 1999). 
Complex mixtures of plant volatiles can be quantitatively studied by means of gas 
chromatography (Dunlop et al., 2003; Grob, 2004, Pichersky, 2004), based on the differential 
in retention times for sample constituents. Only a small fraction of the volatile compounds 
produced by plants is typically responsible for their characteristic aroma or flavor (Goff and 
Klee, 2006) and only a small subset of those is generally useful to define chemotypes. 
Althought a chemotype can be said to be well-defined if the characteristic compound exceeds 
40% of overall production for a compound class in a genotype (van der Hendricks et al., 
1990), it is possible to find genotypes with characteristic aroma with less proportion of a 
specific volatile compound. Profiles of volatile compounds have been used to study genetic 
variation in plants (Mundina et al., 2001; Chericoni et al., 2004; Merle et al., 2004; 
Radusiene et al., 2005), and multivariate techniques, such as principal components and 
cluster analyses (Hardie and Simar, 2003), are widely used to establish taxonomic 
relationships among populations at different levels. 
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Coriander leaf volatiles and seed essential-oil and fatty-acid content, as well as composition 
all depend on many factors, such as genotype, growing conditions, ontogenic stage, genotype 
x environment interaction, crop management, post-harvest processing and storage, and 
extraction method (Purseglove et al., 1981; Kalra et al., 2003; Lawrence, 1992; Angelini et 
al., 1997; Arganosa et al., 1998; de la Fuente et al., 2003; Zheljazkov and Zhalnov, 1995; 
Kerrola and Kallio, 1993; Frank et al., 1995; Bandara et al., 2000; Illés et al., 2000; 
Smallfield et al., 2001). 
Relationships among morphological, chemical, and genetic variation have been studied at 
different levels in plants, and some congruence has been reported for those different data sets 
in various taxa, such as Juniperus (Adams, 2000), Ocimum gratissimum L. (Vieira et al., 
2001), and Tanacetum vulgare L. (Keskitalo et al., 2001), among others. However, it should 
be noted that use of secondary metabolites is most useful in taxonomic classification only 
when other complicating factors, such as environmental conditions, plant developmental 
stages, and extraction methods are taken into account (Vieira et al., 2001). 
Molecular markers emerged as a complementary approach to morphological and chemical 
characterization for assessing genetic diversity within crop species, and techniques to harness 
molecular data have evolved rapidly (Spooner et al., 2005). Contemporary molecular 
markers based on DNA polymorphism are relatively unaffected by the environment; they are 
widespread within plant genomes, and techniques are improving to make them more reliable 
and efficient. Highly polymorphic molecular markers are especially useful for studies of 
infraspecific variation, and there are marked differences between the use of modern, DNA-
based molecular markers and earlier, protein-based technologies, such as seed proteins and 
isozymes, because of genomic coverage and efficiencies in sampling variation within 
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populations. The choice of an appropriate molecular marker depends on many 
considerations, and there is no single optimal approach for studying infraspecific variation or 
solving the needs of ex situ germplasm conservation (Spooner et al., 2005), such as the 
identification of duplicate accessions and gaps in genebank collections or the development 
and evaluation of regeneration systems. 
Important classes of DNA-based molecular markers, used for such functions as genetic-
diversity assessment, cultivar fingerprinting, and phylogenetic analysis, include restriction 
fragment length polymorphism (RFLP), random amplified polymorphic DNA (RAPD), 
amplified fragment length polymorphism (AFLP), and simple sequence repeats (SSR) 
(Brown et al., 1996; Heslop-Harrison and Schwarzacher, 1996; Penner, 1996; Reiter, 2001; 
de Vienne et al., 2003; Bhat et al., 2004). These markers can be classified as codominant 
and dominant markers, and can be distinguished by those based on sequence polymorphisms 
(which include nucleotide substitutions and insertions-deletions) from those based on the 
number of tandemly repeated sequences (de Vienne et al., 2003). Molecular markers can 
also be classified by the need for use of the polymerase chain reaction (PGR) (Reiter, 2001; 
Spooner et al., 2005). According to Vos et al. (1995), AFLP markers combine advantages 
from RFLP markers and from the PGR technique, such as reliability and the capacity to 
increase exponentially the copy number for selected fragments, respectively (Hartl and Jones, 
2001). The AFLP technique seems to be more reliable than other PCR-based molecular 
markers (Reiter, 2001). In addition, this technique has an option for high throughput by 
means of multiplexing primer pairs, and automated fragment detection and scoring (Bhat et 
al., 2004). 
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Two hundred and seventeen accessions of coriander from throughout the world are conserved 
at the North Central Regional Plant Introduction Station (NCRPIS) in Ames, LA. The 
NCRPIS is a component of the United States' National Plant Germplasm System, 
coordinated by the United States Department of Agriculture - Agricultural Research Service. 
These coriander accessions are distributed to researchers around the world, but have never 
been systematically characterized for morphological, phenological, or genetic variation 
(Lopez and Widrlechner, 2004). My goals for this dissertation were to evaluate coriander 
accessions conserved at the NCRPIS, characterizing extant phenological and morphological, 
biochemical, and molecular variation. Further, I wanted to apply the use of DNA bulked 
samples and multiplexed AFLP reactions to increase the efficiency of the molecular 
characterization. Results from this characterization can help determine how well coriander 
accessions at the NCRPIS are representative of global diversity and can provide various lines 
of evidence to validate existing classifications, or create new classifications. In addition, this 
work can help to reveal information about coriander's economically useful genetic variability 
for researchers and producers throughout the world. 
Dissertation Organization 
This dissertation includes an abstract, a general introduction, two papers, general conclusions 
and an appendix. The dissertation is divided into two parts. The first paper reports the 
results of phenotypic and molecular studies. The second paper reports the results of 
biochemical studies, focusing on essential oils and fatty acids. Both papers will be submitted 
to the journal "Genetic Resources and Crop Evolution." 
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CHAPTER 2. ASSESSING PHENOTYPIC AND MOLECULAR DIVERSITY IN 
CORIANDER (Coriandrum sativum L.) GERMPLASM 
A paper to be submitted to the journal "Genetic Resources and Crop Evolution" 
Pedro A. Lopez Mark P. Widrlechner2 *; Philipp W. Simon3; Satish Rai4; 
Theodore B. Bailey5 and Candice A. Gardner 6 
1 Graduate student, 1529 Agronomy Hall, Department of Agronomy, Iowa State University, 
Ames, IA 50011-1170, phone: (515) 294 8690, palopez@iastate.edu; 2 * Author for 
correspondence, Horticulturist, Plant Introduction Research Unit, USDA-ARS North Central 
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Abstract 
Phenotypic and genetic characterization was conducted on 60 coriander (Coriandrum 
sativum L.) accessions from the North Central Regional Plant Introduction Station, in Ames, 
IA. Phenological, morphological, and two chemical traits were evaluated during two years, 
each with two planting dates. Amplified fragment length polymorphisms (AFLP) were 
characterized by using DNA bulks and multiplexed reactions. Analyses of variance, mean 
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comparisons, estimates of phenotypic (PD), geographical (GD) and genetic distances (MD), 
Mantel tests, cluster analyses, principal components analyses (PCA) and analyses of 
molecular variance (AMOVA) were applied. Our results described significant differences 
among populations for all the phenotypic traits and differences between years and planting 
dates for most. Correlations among the PD, GD, and MD matrices were not significant, and 
dendrograms obtained from PD and MD showed incongruent patterns, as did groups from 
PCA. AFLP variation among phenotypic groups (~4%), among populations within groups 
(-30%), and within populations (-66%) was detected with AMOVA, showing broad 
diversity within and among populations, but little genetic structuring. Phenotypic groups 
described in the present study differed somewhat from previous infraspecific classifications, 
and molecular evidence, based on AFLP markers, did not support our phenotypic 
classification. These results may be related to coriander's relatively short history as a crop 
plant, selection processes focused on special traits that may be controlled by few genes, its 
phenotypic plasticity and short life cycle (together allowing it to reproduce under a wide 
range of growing conditions), reproductive biology, and the widespread trade of coriander 
seeds as a spice, which may have lead to a dynamic, poorly differentiated gene pool. These 
phenomena may all contribute to a lack of clear differentiation among coriander accessions at 
the molecular level, even when easily documented at the phenotypic level. 
Introduction 
Coriander (Coriandrum sativum L.) is an annual herb that belongs to the umbel family 
(Apiaceae). It has long been cultivated in the Mediterranean region, Southern Europe, Asia 
Minor and the Caucasus. In recent years, the principal countries with commercial coriander 
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production included members of the former Soviet Union, Hungary, Poland, Romania, Czech 
Republic, Slovakia, Morocco, Canada, India, Pakistan, Iran, Turkey, Guatemala, Mexico, and 
Argentina (Kiehn and Reimer, 1992; Agri-facts, 1998). The fresh green herb and a dry spice 
are the two main products obtained from coriander plants. The herb is a perishable product, 
generally grown for domestic consumption in Asia, the Middle East, Central and South 
America. The spice is the dried form of the whole, mature fruit and is used in whole or 
ground form as a flavoring; the oil from seed is included among the 20 major essential oils in 
the world market (Lawrence, 1992). The spice is also employed for the preparation of steam-
distilled essential oil and solvent-extracted oleoresin for the aroma and flavor industries 
(Purseglove et al., 1981; Kiehn and Reimer, 1992; Agri-facts, 1998). 
Defined on the basis of morphological traits (Diederichsen, 1996a), the tribe Coriandreae W. 
Koch is part of the subfamily Apioideae (Szujkô-Lacza, 1994; Diederichsen, 1996a) and 
includes 8 genera with 21 species. The genus Coriandrum has only two species: C. sativum 
L., cultivated coriander, and its wild relative, C. tordylium (Fenzl) Bornm. The basic 
chromosome number of the genus Coriandrum is x=ll, and C. sativum L. is a diploid with 
2n=22 (Darlington and Wylie, 1955). 
Purseglove et al. (1981) described the small, white or pink flowers of coriander, which are 
arranged in compound umbels; hermaphrodite and staminate flowers may occur together in 
each umbel (Jansen, 1981). As protandry is present in coriander (Jansen, 1981), cross 
pollination would be expected to be high and has been reported to vary from 58% to 77% 
(Sethi, 1981; Diederichsen, 1996a). Pollination in coriander is described in detail by 
Purseglove et al. (1981), Wrôblewska (1992), and Sethi (1981). 
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Purseglove et al. (1981) divided coriander according to fruit size into two types. The large-
fruited types (referred to as var. vulgare Alef.= var. sativum) are mainly produced in tropical 
and subtropical countries and produce seeds which contain about 0.1 to 0.35% volatile oil; 
the plants have a short life-cycle (Agri-facts, 1998). The small-fruited types (var. 
microcarpum DC) are more commonly produced in temperate regions and usually have seed 
with volatile-oil content greater than 0.4%. Ivanova and Stoletova (1990) described four 
geographic centers for different types of coriander: (i) India, (ii) Northern Africa, (iii) Central 
Asia, and (iv) Abyssinia; the same authors recognized four corresponding subspecies within 
C. sativum (indicum Stolet., sativum, asiaticum Stolet., and vavilovii Stolet.). Diederichsen 
(1996a) conducted an extensive analysis of morphological variation, and on that basis 
proposed the following ecogeographic types: Near Eastern, Indian, Central Asian, Syrian, 
Caucasian and Ethiopian. 
The most recent study of infraspecific variation in coriander was carried out by Diederichsen 
and Hammer (2003), who examined variation patterns for phenological and morphological 
traits along with seed essential-oil and fatty-acid content. Those authors proposed three 
subspecies: sativum, microcarpum DC, and indicum, with 10 botanical varieties assigned 
among those subspecies. 
As reflected in the abovementioned studies, characterization of crop genetic diversity has 
long been based on morphological traits, which often have notable advantages, such as 
straightforward detection and measurement and relevance to characters of importance to 
germplasm users. Given these advantages, it is clear why morphological traits have been, 
and are still being, used to describe diversity within crop species and distinguish among 
varieties. However, they also can have serious limitations. Many are controlled by multiple 
alleles and loci, making it difficult to relate patterns of phenotypic variation to their genetic 
bases, and their expression may be strongly affected by the environment (Lombard et al., 
2001; Nuel et al., 2001). Still, most investigations of variation within and among coriander 
populations have been based on morphological traits, such as plant height, leaf shape, and 
seed weight, and phenological traits, such as the periods from emergence to flowering and to 
harvest. But this may be problematic, as many of these traits in coriander are 
environmentally influenced, and genotype-by-environment interactions are common (Jindla 
et al., 1985; Sastri et al., 1989; Bhandari and Gupta, 1991; Angelini et al., 1997; Ali et al., 
1999). On the other hand, coriander shows a broad adaptation as crop around the world; as it 
grows well in different types of soil, in different weather conditions (Guenther, 1952; 
Purseglove et al., 1981; Simon, 1990), at extreme latitudes, longitudes, and altitudes. In 
addition, the short life cycle in most coriander cultivars makes them successful under many 
different environmental conditions, by allowing farmers to fit their cultivation into some part 
of the growing season in almost any region. 
Beginning with the development of staining systems and gel electrophoresis to visualize 
enzyme polymorphisms in the 1970s (Gillet, 1999), molecular markers emerged as a 
complementary approach to morphological characterization for assessing genetic diversity 
within crop species, and, since that time, molecular-marker techniques have evolved rapidly 
(Spooner et al., 2005). Contemporary molecular markers, especially those based on DNA 
polymorphisms, are generally not affected by environment; they are widespread within plant 
genomes; and techniques are improving to make them more reliable and efficient. Molecular 
markers are very useful for studies of infraspecific variation, and there are marked 
differences between the use of modern DNA-based molecular markers and the earlier 
protein-based technologies because of genome coverage and efficiencies in sampling 
variation within populations (Ramanatha and Hodgkin, 2002). 
The choice of an appropriate molecular marker depends on many considerations, and there is 
no single approach optimal for studying infraspecific variation or solving the needs of ex situ 
germplasm conservation (Spooner et al., 2005), such as the identification of duplicate 
accessions and gaps in genebank collections and the development of effective regeneration 
systems. 
Important classes of DNA-based molecular markers, which are used for such functions as 
genetic-diversity assessment, cultivar fingerprinting, and phylogenetic studies, include 
restriction fragment length polymorphisms (RFLP), random amplified polymorphic DNA 
(RAPD), amplified fragment length polymorphisms (AFLP), and single sequence repeats 
(SSR) (Brown et al., 1996; Heslop-Harrison and Schwarzacher, 1996; Penner, 1996; Reiter, 
2001; de Vienne et al., 2003; Bhat et al., 2004). These markers can be classified in various 
ways; de Vienne et al. (2003) distinguished between codominant and dominant markers, and 
also divided those based on sequence polymorphisms (which include nucleotide substitutions 
and insertions-deletions) from those based on the number of tandemly repeated sequences. 
Molecular markers can also be classified according to the need for use of the polymerase 
chain reaction (PGR) (Reiter, 2001; Spooner et al., 2005). 
Briefly, AFLP is a PCR-based molecular marker (Vos et al., 1995), typically considered 
within the group of dominant sequence polymorphisms (de Vienne et al., 2003). It is based 
upon the restriction of genomic DNA with endonucleases, ligation of adapters for each 
endonuclease end of the cut DNA segments, a pre-amplification PGR reaction with non­
selective primers with one nucleotide at the end, followed by a selective amplification PGR 
14 
reaction with primers with three selective nucleotides at the end, to reduce the amount of 
fragments to be amplified (Vos et al., 1995). One of the selective primers is typically labeled 
by using either radioactive phosphorous [y-33P]ATP (Vos et al., 1995) or fluorescent dyes 
(Reiter, 2001; Bhat et al., 2004). Selective amplification reactions are run on acrylamide gels 
in the case of radioactive labeled reactions, or they are run on a genetic analyzer for 
genotyping, when using fluorescent labels. Fragments from AFLP are scored as 
present/absent bands, because of the dominant nature of these markers (Hartl and Jones, 
2001; de Vienne et al., 2003; Pompanon et al., 2005). 
AFLP markers combine advantages from RFLP markers and from the PGR technique (Vos et 
al., 1995), such as reliability and the capacity to increase exponentially the number of copies 
for selected fragments, respectively (Hartl and Jones, 2001). The AFLP technique seems to 
be more reliable than other PCR-based molecular markers (Reiter, 2001). In addition, this 
technique has an option for high throughput by means of multiplexing primer pairs, and 
automated fragment detection and scoring (Bhat et al., 2004). AFLP typically results in a 
numerous bands, making it an attractive technique for fingerprinting studies in plants (de 
Vienne et al., 2003) and the development of linkage maps in annual (Pejic et al., 1998; van 
Treuren, 2001; Kôlliker et al., 2001; Paris et al., 2003) and perennial plant species (Lercetau 
and Szmidt, 1999; Guthridge et al., 2001; Mariette et al., 2001; Gaudeaul et al., 2004). For 
example, AFLP markers were successful in elucidating the genetic structure and 
identification of rapeseed cultivars (Brassica napus L.) through cluster and principal 
components analyses and analysis of molecular variance (Lombard et al., 2000). 
15 
AFLP markers have also shown some advantages over other DNA-based markers for plant 
genetic-diversity assessment. AFLP markers were a useful tool to define phylogenetic 
relationships at the intra-generic level for Solanum (Spooner et al., 2005), establishing a 
single domestication center for Solanum tuberosum L. in Peru. These results were highly 
correlated with those obtained from RAPD and single- to low-copy nuclear RFLP, but 
correspondence with morphological data was low. In garlic {Allium sativum L.), results from 
AFLP were compared with those from RAPD and isozyme markers, and AFLPs were more 
powerful in distinguishing among closely related clones (Ipek et al., 2003). Three squash 
subspecies (Cucurbita pepo L.) based on a phenotypic classification were confirmed by 
applying AFLP, and these results were highly correlated with RAPD and RFLP techniques 
(Paris et al., 2003), but the efficiency of detecting polymorphisms was higher with AFLP. 
When comparing with RFLP, RAPD, and SSR in maize (Zea mays L.) inbred lines, AFLP 
markers were more efficient in the amount of polymorphism detected (Pejic et al., 1998); 
similar results were obtained in melon (Cucumis melo L.) when comparing AFLP with 
RAPD and RFLP markers (Garcia-Mas et al., 2000); and AFLP markers were more 
reproducible than RAPD in Limonium dufourii (Girard) O. Kuntze (Palacios et al., 1999). 
Results for maize landraces from the Ethiopian highlands were similar for AFLP and SSR 
markers, and cluster analysis from morphological traits was congruent with a classification 
based on those molecular markers (Beyene et al., 2005). In contrast, in the genus Capparis, 
Inocencio et al. (2005) found that two subspecies were clearly different morphologically but 
that AFLP markers revealed little genetic differentiation; the authors proposed that this 
incongruity could be explained by the rapid evolution of morphological differentiation in 
response to environmental factors. 
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Within the Apiaceae, Grzebelus et al. (2001) compared results obtained by applying AFLPs 
and RAPDs as molecular markers in carrot (.Daucus carota L.), and they found that 
dendrograms obtained from AFLP were more congruent with pedigree information. 
Although both marker classes were able to distinguish among carrot accessions at the intra-
and inter-specific levels, AFLPs were simpler and more repeatable, and have been used to 
study many carrot cultivars and other Apiaceae taxa (Briard et al., 2000), with high levels of 
polymorphism and reproducibility. Linkage mapping and studies of traits influencing storage 
roots in carrots have employed a wide range of molecular markers, including RFLPs, 
RAPDs, AFLPs, and selective amplification of microsatellite polymorphic loci (SAMPL), 
(Vivek and Simon, 1999). Also in carrot, Bradeen et al. (2002) detected almost a three-fold 
increase in molecular variation within cultivated types and within wild types, over levels of 
between-class variation, when using AFLP and inter-simple sequence repeat (ISSR) markers; 
also, they found a non-structured genetic composition for studied species. Comparing AFLP 
and microsatellites in another member of the Apiaceae, Eryngium alpinum L., Gaudeaul et al. 
(2004) found advantages in AFLP because of their broader genomic coverage and a more 
reliable assignment of individual plants to their correct populations. 
Despite their utility for elucidating genetic relationships within plant species, molecular 
markers have not been applied to questions of infraspecific classification or fingerprinting in 
coriander. Molecular markers, such as RAPDs, are possible to use with random nucleotide 
sequences and small primers; Cahoon et al. (1992) obtained primers from the endosperm and 
embedded embryo of developing coriander. However, no follow-up studies have been 
located. 
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Two hundred and seventeen accessions of coriander from throughout the world are conserved 
at the North Central Regional Plant Introduction Station (NCRPIS) in Ames, IA. The 
NCRPIS is a component of the United States' National Plant Germplasm System, 
coordinated by the United States Department of Agriculture - Agricultural Research Service. 
These coriander accessions are widely distributed to researchers around the world, but have 
never been systematically characterized for morphological, phenological, or genetic variation 
(Lopez and Widrlechner, 2004). Our goals for this study were to evaluate coriander 
accessions conserved at the NCRPIS, characterizing extant phenological and morphological 
variation, and apply AFLP markers to characterize the molecular variability in the collection. 
Further, we wanted to apply the use of DNA bulked samples and multiplexed AFLP 
reactions to increase the efficiency of the molecular characterization. 
Results from this characterization can help determine how well coriander accessions at the 
NCRPIS are representative of global diversity and can provide various lines of evidence to 
validate existing classifications, or create a new one. In addition, this work can help reveal 
information about coriander's economically useful genetic variability for researchers and 
producers throughout the world. 
Materials and Methods 
Field Evaluation 
Locations and Experimental Design 
For the first step of this project, 139 accessions of coriander from 36 countries (Table 1), 
maintained at the NCRPIS were tested in a common garden during spring-summer 2002. 
Two planting dates were used, the first on May 3rd and the second on May 20th. The 
experimental design was a complete randomized block, with each planting date as block. 
Data from this preliminary cycle of morphological and phenological characterization were 
used to eliminate redundant or contaminated accessions and conduct an initial cluster 
analysis. A total of 60 accessions (Table 1) representing each group identified through an 
initial cluster analysis was selected to serve as the basis for a second cycle of morphological 
and phenological characterization. The second field evaluation was conducted during spring-
summer 2003. Again, two planting dates were employed, the first on April 23rd and the 
second on May 19th. In this test, the experimental design was a complete randomized block 
design with two replications for each planting date. A third garden with the same 60 
accessions from 2003 was planted on May 5th, in 2004, to take samples for vouchers. 
The 2002 plot was located at the NCRPIS at 42° 00' 36.762" North and 93° 39' 51.660" 
West, with an elevation of 241 meters above sea level (masl). The 2003 plot was located 
nearby at 42° 00' 34.794" North and 93° 39' 41.376" West, at 243 masl. According to the 
Soil Survey of Story County, Iowa (DeWitt, 1984), the main soil types in these fields are 
Clarion and Nicollet loams, members of the Clarion-Webster-Nicollet association that "is 
characterized by an undulating ground moraine of swales and rises that differ from about 5 to 
10 feet in elevation. Surface drainage is not well developed, slopes range from 0 to 9 
percent." "Clarion soils are well drained and occur on the higher, more sloping areas, (and) 
the Nicollet soils are somewhat poorly drained and occur on concave to slightly convex 
slopes." For each field trial, the experimental units were four-row plots, 3.5 m long, spaced 
0.5 m between rows; the seeding rate was 400 seeds per plot, and plants were thinned to -10 
cm between plants within rows. Thinning was done when seedlings were ~10 cm tall (seven 
to ten days after emergence). 
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Table 1. Coriander accessions tested in field trials during 2002 and 2003 in Ames, Iowa. 
Number Accession Country Code Tested in 
2003 
LATDEC LONDEC ELEV 
(masl) 
1 PI256061 Afghanistan AF1 Illb Yes 34.517 69.183 1808 
2 Ames20048 Kazakhstan KA3 Illb Yes 42.417 69.833 632 
3 Ames20046 Azerbaijan AZ1 Illb Yes 40.371 49.893 -28 
4 Ames23619 Bhutan BH1 No 27.483 89.600 2150 
5 Ames24907 Bulgaria BUI Illb Yes 42.150 24.750 163 
6 Ames 18596 Canada CA2 Ic Yes 53.550 -113.500 643 
7 Amesl8562 Canada CA1 No 46.800 -71.250 71 
8 PI483232 Chile CHL1 Illb Yes -33.450 -70.667 522 
9 PI478378 China CH2 Illb Yes 44.533 17.667 1130 
10 Ames23625 China CHI No 25.700 100.183 1973 
11 Amesl8574 Czech Republic CZ1 No 50.083 14.467 254 
12 Amesl8585 Czech Republic CZ2 Illb Yes 49.200 16.633 212 
13 PI193769 Ethiopia ET1 Ic Yes 9.100 37.250 2143 
14 PI193770 Ethiopia ET2 Ic Yes 9.100 37.250 2143 
15 Ames24923a Georgia GEOl Illb Yes 42.179 43.519 NA 
16 Ames24924 Uzbekistan FSU2 No NA NA NA 
17 Ames24926a Azerbaijan AZ2 Illb Yes 40.290 47.536 NA 
18 Ames24927a Armenia AR2 lib Yes 40.290 44.942 NA 
19 Amesl8563 France FR1 Illb Yes 49.183 -0.350 5 
20 Ames 18564 France FR2 Illb Yes 47.467 -0.550 40 
21 Amesl8583 France FR3 No 49.433 1.083 9 
22 Ames 18581 Germany GE3 No 52.400 13.067 29 
23 Ames 18565 Germany GE2 Illb Yes 52.517 13.400 34 
24 Amesl8586 Germany GE5 Illb Yes 52.517 13.400 34 
25 Ames 18584 Germany GE4 No 53.850 11.467 40 
26 Ames 18560 Germany GE1 No 51.350 7.883 258 
27 Ames 18597 Germany GE7 No 51.350 7.883 258 
28 Ames23613 Germany GE8 No 51.350 7.883 258 
29 Ames23614 Germany GE9 No 49.350 6.933 240 
30 Ames 18591 Germany GE6 Illb Yes 52.067 8.367 200 
31 PI531296 Hungary HU1 No 47.333 19.883 92 
32 Ames 18449 India INI No NA NA NA 
33 Ames 18451 India IN2 No NA NA NA 
34 Amesl8452 India IN 3 No NA NA NA 
35 Ames 18500 India IN4 No 28.667 77.217 215 
36 Amesl8501 India IN5 No 28.667 77.217 215 
37 Ames 18502 India IN6 No 28.667 77.217 215 
38 Ames 18507 India IN7 lb Yes 28.667 77.217 215 
39 Ames21100 India IN8 No NA NA NA 
40 Ames21101a India IN9 lb Yes 22.909 79.591 NA 
41 Ames21103 India IN10 No NA NA NA 
42 Ames21104a India IN11 lb Yes 22.909 79.591 NA 
43 Ames21105 India IN12 No NA NA NA 
44 Ames21106 India IN13 No NA NA NA 
45 Ames21107 India IN14 No NA NA NA 
46 Ames21108 India IN15 No NA NA NA 
47 Ames21109 India IN16 No NA NA NA 
48 Ames 10234 Israel IS1 No NA NA NA 
49 Amesl0235 Israel IS2 No NA NA NA 
50 Ames 10236 Israel IS3 No NA NA NA 
51 Amesl8568 Italy IT1 No 43.717 10.383 1 
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Table 1. (continued). 
Number Accession Country Code Tested in 
2003 
LATDEC LONDEC ELEV 
(masl) 
52 Amesl8570 Japan JA1 No 34.817 135.567 21 
53 Ames 18571 Japan JA2 No 34.817 135.567 21 
54 Ames 19032 Kazakhstan KA1 No 50.117 49.967 7 
55 Ames 19089 Kazakhstan KA2 No 43.250 76.950 852 
56 Ames20047 a Armenia AR1 lib Yes 40.290 44.942 NA 
57 Amesl7824 Kyrgyzstan KYI No 42.467 78.7333 1680 
58 Ames26816 Mexico ME1 Ilia Yes 19.283 -98.438 2200 
59 Ames26817 Mexico ME2 Ic Yes 19.283 -98.438 2200 
60 Ames26818 Mexico ME3 No 19.305 -98.480 2200 
61 Ames26819 Mexico ME4 Ic Yes 19.252 -98.482 2200 
62 Ames26820 Mexico ME5 Ilia Yes 19.258 -98.453 2200 
63 Ames26821 Mexico ME6 No 19.258 -98.453 2200 
64 Ames26822 Mexico ME7 Ic Yes 19.258 -98.453 2200 
65 Ames26823 Mexico ME8 No 19.258 -98.453 2200 
66 Ames26824 Mexico ME9 No 19.290 -98.468 2200 
67 Ames26825 Mexico ME10 No 19.267 -98.493 2200 
68 Ames26826 Mexico ME11 No 19.267 -98.493 2200 
69 Ames26827 Mexico ME12 No 19.270 -98.517 2200 
70 Ames26828 Mexico ME13 No 19.270 -98.517 2200 
71 Ames26829 Mexico ME14 Ilia Yes 19.042 -98.208 2200 
72 Amesl2778 Nepal NE1 No NA NA NA 
73 Ames 18573 Netherlands NT1 No 51.967 5.667 14 
74 Ames 18587 Netherlands NT2 Ic Yes 51.967 5.667 14 
75 Ames24914 Netherlands NT3 No 51.367 5.150 30 
76 Ames24928 Netherlands NT4 No NA NA NA 
77 Ames23632 Oman OM1 No 22.967 57.300 545 
78 Ames23633 Oman OM2 lb Yes 22.917 57.250 509 
79 Ames23634 Oman OM3 No 22.933 57.533 516 
80 Ames23635 Oman OM4 No 22.167 59.233 135 
81 Ames23636 Oman OM5 No 23.391 57.424 367 
82 Ames23637 Oman OM6 No 23.391 57.424 367 
83 Ames23638 Oman OM7 No 23.391 57.424 367 
84 Ames23639 Oman OM8 lb Yes 22.967 57.300 545 
85 Ames23640 Oman OM9 No 22.967 57.300 545 
86 Ames23641 Oman OMIO No 22.967 57.300 545 
87 Ames23620 Pakistan PA1 lb Yes 29.633 67.917 210 
88 Ames23628 Pakistan PA2 No 29.033 66.583 1800 
89 Ames23629 Pakistan PA3 No 29.117 66.533 2410 
90 Amesl8590 Poland POl Illb Yes 52.250 21.000 94 
91 Ames24917 Portugal PR1 No NA NA NA 
92 Amesl8595 Romania ROl Illb Yes 47.167 27.600 84 
93 Amesl8575 Russian Federation RF1 No 59.894 30.264 5 
94 Amesl8576 Russian Federation RF2 Illb Yes 59.894 30.264 5 
95 Amesl8577 Russian Federation RF3 Illb Yes 59.894 30.264 5 
96 Amesl8578 Russian Federation RF4 Illb Yes 59.894 30.264 5 
97 Amesl8580 Russian Federation RF5 Illb Yes 59.894 30.264 5 
98 Ames21655a Russian Federation RF6 lib Yes 44.356 61.930 NA 
99 Ames23615 Russian Federation RF7 No 41.333 47.850 1290 
100 Ames23616 Russian Federation RF8 No 41.350 47.883 1290 
101 Ames23626 Sudan SU1 la Yes 9.487 31.038 369 
102 Ames23622 Syria SY1 lb Yes 36.367 37.517 580 
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Table 1. (continued). 
Number Accession Country Code Tested 
in 2003 
LATDEC LONDEC ELEV 
(masl) 
103 Ames23624 Syria SY2 lia Yes 34.733 36.717 630 
104 Ames25696 Syria SY3 lia Yes 33.500 36.300 697 
105 Ames 13 899 Tajikistan TA1 Illb Yes 38.089 70.012 1212 
106 Amesl3900 Tajikistan TA2 Illb Yes 38.089 70.012 1212 
107 Ames23617 Tajikistan TA3 No 38.089 70.012 1212 
108 Ames4998a Turkey TU1 Ic Yes 39.053 35.191 NA 
110 PI171592 Turkey TU2 Ic Yes 39.983 41.683 1774 
111 PI172808 Turkey TU3 Illb Yes 41.183 41.817 386 
112 PI174129 Turkey TU4 Illb Yes 39.017 43.350 1669 
113 PI174130 Turkey TU5 Illb Yes 38.500 43.383 1727 
115 Ames 18592 United Kingdom UK1 No 51.870 0.695 30 
116 Amesl8593 United Kingdom UK2 Illb Yes 51.870 0.695 30 
117 Ames 18594 United Kingdom UK3 Ilia Yes 51.870 0.695 30 
118 Ames24915 United States of America US4 Ilia Yes 34.283 -119.149 47 
119 Ames24910 United States of America US1 Illb Yes 34.283 -119.149 47 
120 Ames24912 United States of America US2 No 34.283 -119.149 47 
121 Ames24913 United States of America US3 No 34.283 -119.149 47 
122 Ames24920 United States of America US6 No 34.283 -119.149 47 
123 Ames24921 United States of America US7 Ilia Yes 34.283 -119.149 47 
124 Ames24916 United States of America US5 No 41.733 -72.723 19 
125 Ames25167 United States of America US8 No 42.035 -93.620 290 
126 Ames25168 United States of America US9 Illb Yes 42.035 -93.620 290 
127 Ames25169 United States of America US 10 Illb Yes 42.035 -93.620 290 
128 Ames25170 United States of America US 11 Ilia Yes 42.035 -93.620 290 
129 Ames25172 United States of America US12 No 42.035 -93.620 290 
130 Ames25174 United States of America US13 No 42.035 -93.620 290 
131 Ames25175 United States of America US14 No 42.035 -93.620 290 
132 Ames25176 United States of America US15 No 42.035 -93.620 290 
133 Ames4422 United States of America US16 No 38.988 -76.821 45 
134 Ames4423 United States of America US17 No 38.988 -76.821 45 
135 Ames24911 United States of America US18 No 34.283 -119.149 47 
136 PI502320 Uzbekistan UZ1 Illb Yes 40.433 67.967 273 
137 Ames24909 Unknown UW1 No NA NA NA 
138 Ames24918 United States of America US 19 Illb Yes 34.283 -119.149 47 
139 Ames24922 Unknown UW3 No NA NA NA 
LATDEC= Latitude in decimals; LONDEC= Longitude in decimals; ELEV= elevation in meters above sea level. 
a Geographical coordinates for these accessions were estimated based on the centroid for each country. 
NA= Data not available. 
Growing degree-days (GDD) and photoperiod were computed for growing seasons in both 
years of evaluations (negative values were considered equal to zero, for the calculation of 
GDD accumulated over time). Growing degree-days were computed by the averaging 
method, with the formula: 
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GDD T min+ T max - T threshold 
Where: 
GDD= Growing degree-days 
T min= Daily minimum temperature in °C 
T max= Daily maximum temperature in °C 
T threshold= Threshold temperature = 10 °C for coriander (Hayes, 2006), accessed online at 
http://www.autogrow.com/l_information/l_Herbs/l_Herbs.html). 
Photoperiod was computed with On-line Photoperiod Calculator software, version 1.95 EN 
(Lammi, 2005), available at the web page http://www.nic.fi/~benefon/sun.php3. This 
software estimates the photoperiod based on calendar date and geographical coordinates. 
Characteristics Evaluated 
Phenological traits, which were associated with time to flowering and maturity, were 
recorded along with morphological characteristics, including both vegetative and 
reproductive traits. Two chemical traits related to seed composition, percentages of total 
essential oils and fatty acids, were also included in this study, because of their importance in 
distinguishing among coriander populations in previous infraspecific classifications 
(Diederichsen and Hammer, 2003). Most of the phenological and morphological traits were 
evaluated on the basis of protocols described by Diederichsen (1996a, 1996b) and by 
Diederichsen and Hammer (2003). Unless noted in Table 2, these characters were measured 
on samples of ten individual plants randomly selected from the central two rows of each plot. 
Detailed descriptions of all traits evaluated are described in Table 2. Schematic 
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representations for blade shape of the basal leaves and for shape of the fruits are shown in 
Figures 1 and 2, respectively. 
Figure 1. Representation of the blade shape for the longest basal leaf in coriander 
(Reproduced from Diederichsen, 1996a, with permission from the author). Scale: l=simple, 
margin entire or lobed; 2= trifoliolate; 3= pinnate with three or five leaflets; 4=bipinnate. 
* 
5mm 
Figure 2. Representation of the fruit shape in coriander (Reproduced from Diederichsen, 
1996a, with permission from the author). Scale: 1= slightly flattened; 2= rounded; 4= 
moderately elongated; 7= elongated. 
Table 2. Phenological, morphological, and chemical traits evaluated in coriander populations in 2002 and 2003a 
Trait type Trait Definition Notes Reference 
Phenological 
Morphological 
Vegetative 
Days to stem elongation 
(DSE) 
Days to start of flowering 
(DSF) 
Range between days to stem 
elongation and days to start 
of flowering (RSDSF) 
Days to end of flowering 
(DBF) 
Flowering range (FR) 
Days to harvest (DH) 
Days to maturity (DM) 
Anthocyanins 
(ANST) 
on the stem 
Number of basal leaves 
(NBL) 
Length of the longest basal 
leaf in cm (LLBL) 
Blade shape of the longest 
basal leaf (BSBL) 
Insertion angle of the longest 
basal leaf (HBL) 
Plant height in cm (PH) 
Days from planting date to stem elongation 
for 50% of all plants in the two central rows 
of each plot. 
Days from planting date to the first visible 
flower on each plant 
Computed with the formula: 
RSDSF = DSF-DSE 
Days from planting date to the last flower on 
each plant. 
Computed with the formula: 
DEF = DSF - DEF 
Days from planting date to harvesting date. 
Computed with the formula: 
DM = DH - DEF 
Before flowering, coloration along the stem, 
at the basal part and nodes. 
Total number of basal leaves, counted at the 
onset of flowering. 
Measured at the onset of flowering. 
At the onset of flowering, blade shape of the 
longest basal leaf was scored. 
At the onset of flowering, arrangement of 
basal leaves in relation to the stem (prostrate 
vs. erect) was scored. 
At the end of flowering, measured from the 
soil surface to the natural top of the plant 
Scale: l=without any anthocyanin; 
2=anthocyanin barely detectable; 5=in the 
middle between green and violet stem; 
9=the bottom of the stems completely 
violet. 
Scale: l=simple, margin entire or lobed; 
2=trifoliolate; 3=pinnate with three or five 
leaflets; 4=bipinnate; 5=multipinnate with 
lobed parts; 6=multipinnate with 
lanceolate parts. See Figure 1 for 
schematic representations. 
Scale: l=prostrate; 4=raised with an angle 
of about 45°; 6=very erect. 
Diederichsen 
(1996a) 
Diederichsen 
(1996a) 
Diederichsen 
(1996a) 
Diederichsen 
(1996a) 
Diederichsen 
(1996a) 
Diederichsen 
(1996a) 
Diederichsen 
(1996a) 
Diederichsen 
(1996a) 
Diederichsen 
(1996a) 
Diederichsen 
(1996a) 
Table 2. (continued). 
Trait type Trait Definition Notes Reference 
Morphological 
Reproductive 
Chemical 
Anthocyanins in the petals 
(ANPE) 
Number of umbels (NU) 
Total weight of fruit in grams 
(TWF) 
Whole fruit weight in grams 
(WFW) 
Split fruit weight in grams 
(SFW) 
Plant seed yield (PY) 
Percentage of whole fruit 
(PWF) 
Percentage of split fruit 
(PSF) 
Weight of 1000 fruits in 
grams (W1000F) 
Shape of the fruit (SF) 
Essentia] oil content in 
percentage (EOCP)a 
Fatty acid content in 
percentage (FAC) 
During 
scored. 
flowering, petal coloration was 
Counted at harvest 
A bulk of fruits from the harvest of ten 
individual plants was weighed after fruit 
threshing and cleaning 
After registering TWF, whole fruits were 
separated from split ones, and WFW was 
weighed 
Split fruits were weighed 
Computed with the formula: 
PY = TWF /10 
Computed with the formula: 
PWF = (WFW/ TFW) x 100 
Computed with the formula: 
PSF = (SFW/ TFW) x 100 
A single sample of 500 whole fruits from a 
bulk from ten plants was weighed and 
multiplied by two 
After fruit threshing and cleaning a bulk of 
fruits, fruit shape was scored. 
Essential-oil content from 70 g of bulked 
and dried fruits was obtained by 
hydrodistillation. 
A 0.5 g sample of bulked, dried fruits was 
analyzed for fatty acids by using nuclear 
magnetic resonance spectroscopy. 
Scale: l=without any anthocyanins, white 
petals; 2=anthocyanins barely detectable; 
5=pink petals; 9=petals violet. 
Diederichsen 
(1996a) 
Scale: l=slightly flattened; 2=round; 
3=slightly elongated; 7=elongated; 
9=pointed, ovate. See Figure 2 for a 
schematic representation of fruit shape. 
Samples came only from the 2003 field 
trial. a EOCP was measured only for fruit 
samples from 2003 evaluation. 
Samples were obtained from both the 
2002 and 2003 field trials. This work was 
performed by personnel from the 
laboratory of Dr. Terry Isbell, USDA-
ARS, NCAUR, in Peoria, IL 
Diederichsen 
and Hammer 
(2003) 
Diederichsen 
(1996a) 
Diederichsen 
(1996a) 
Diederichsen 
(1996a) 
Diederichsen 
(1996a), 
Resonance 
Systems (2005) 
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Data Analysis 
Descriptive statistics were computed for all phenological, morphological, and chemical 
characteristics for the 60 selected accessions, by combining data from both field evaluations 
(except for EOCP). Kurtosis and skewness measures were computed to determine if 
variables followed a normal distribution, which is an assumption underlying an analysis of 
variance (Cochran and Cox, 1957); all of those computations were carried out with PROC 
MEANS from SAS (SAS Institute, 2002-2003). Variables with high values for kurtosis and 
skewness, were considered to follow a non-normal distribution, and they were transformed 
by computing the square root (Cochran and Cox, 1957). 
All traits were also subjected to analysis of variance by using PROC GLM from SAS (SAS 
Institute, 2002-2003). Two analyses of variance were carried out. The first was done by 
combining data from 2002 and 2003 field evaluations, and sources of variation were years, 
planting dates within years (as replications), and accessions. The second analysis was solely 
done on the basis of data from the 2003 experiment, with planting dates, blocks within 
planting dates, accessions, and the interaction of accessions x planting dates as sources of 
variation. Missing data were estimated by applying a regression technique (Sokal and Rohlf, 
1995) between two highly correlated variables; finally, means for every accession were 
computed by using data from both experiments. Means for years and planting dates were 
compared by applying the t-test for paired comparisons (Cochran and Cox, 1957). 
Euclidean distances were computed with PROC DISTANCE from SAS (SAS Institute, 2002-
2003), after standardizing means for each trait. Euclidean distances are used to estimate 
genetic distances between genotypes or populations, based on quantitative morphological 
traits (Mohammadi and Prasanna, 2003). The formula to estimate Euclidean distances is: 
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d a , j )  =  K x i  ~ y i Y  +  ( x i - y 2 f  + • • • + { x P  - y P ) 2 Y 2  
Where: 
d(ij) = Euclidean distance between populations i and j 
X;, X2, , xp= morphological traits for population i 
y  h  y  2 ,  • • •  ,  » =  m o r p h o l o g i c a l  t r a i t s  f o r  p o p u l a t i o n  j  
A cluster analysis was carried out by using PROC CLUSTER from SAS (SAS Institute, 
2002-2003), by applying the Unweighted Pair Method with Arithmetic Mean (UPGMA) 
algorithm, which is an agglomerative hierarchical method (Hardie and Simar, 2003) 
frequently used for data from morphological traits (Mohammadi and Prasanna, 2003). 
Outcomes from the cluster analysis were compared with Diederichsen and Hammer's (2003) 
infraspecific classification to identify relationships between both studies. 
A Pearson correlation matrix was constructed with phenological and morphological traits 
means from each population and a Principal Components Analysis was carried out with this 
matrix, by using PROC PRINCOMP from SAS (SAS Institute, 2002-2003). The first three 
principal components were plotted on a three-dimensional graph. 
Four representative samples of plant material for each accession were taken from central 
rows of the 2004 garden; two samples were taken during the flowering period and the other 
two samples were taken after flowering finished. Those samples were prepared as vouchers 
and deposited at the Ada Hayden Herbarium in the Department of Ecology, Evolution and 
Organismal Biology at Iowa State University and at the United States National Arboretum 
Herbarium in Washington, DC. 
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Molecular Evaluation 
Plant Material 
Seed samples from the same lots evaluated in the field in 2003 (see Table 1) were planted in 
a greenhouse in Ames, Iowa on May 10th, 2005 with 16 pots for each of the 60 accessions. 
Five seeds were planted in each pot, and, after emergence, seedlings were thinned to one per 
pot. Three- to five-day old leaves were cut from each remaining seedling and placed into 
polyethylene bags. The bags were labeled with the accession and seedling number and 
transferred within 30 min to a freezer at -80 °C. Plants were sampled at least three times 
before anthesis. Frozen samples were lyophilized for 48 hrs and then stored in sealed jars 
until DNA extraction. Dried samples were transferred to 15 ml centrifuge tubes, and 0.5 and 
0.3 mm glass beads were added at each tube. Leaf tissue was ground to a fine powder by 
shaking the tubes in a paint shaker for ~4 min. 
Genomic DNA Extraction 
Extraction of genomic DNA was done individually for 12 randomly selected plants from 
each accession. Approximately 15-20 mg of leaf tissue powder from each plant were put into 
a 1.5 ml microfuge tube. A DNA-Easy™ Kit from Invitrogen™ (Carlsbad, CA, USA) was 
used for DNA extraction, following protocol 3 for plant leaf tissue (Invitrogen™ Life 
Technologies, 2003), with the substitution of dried-leaf powder for fresh tissue. After 
extraction, genomic DNA was resuspended in 100 gl of TE Buffer and stored at -80 °C until 
DNA quantification. 
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To check the quality of the extracted genomic DNA, 10 pi of extracted genomic DNA were 
mixed with 2 jo.1 of 6% loading dye, and the 12 pi mix was loaded onto wells on a 1% agarose 
gel, which then was run for 1.5 hrs at 80 volts and 10 milliamps. GeneRuler™ 1 kb DNA 
Ladder from Fermentas (Hanover, MD, USA) was used as a size marker. Samples for DNA 
quantification were prepared by mixing 5 pi of genomic DNA with 195 pi of deionized water 
(1:40 dilution), and samples were loaded on 96-well plates and spectrophotometry 
measurements at 260 and 280 nm were recorded on a Beckman Coulter DTX 880 Multimode 
Detector spectrophotometer (Fullerton, CA). DNA quantity was computed by the formula: 
FDNAc = Abs260 x 50 x DF 
Where: 
FDNAc = Final DNA Concentration (ng.pl1) 
Abs 260 = Spectrophotometry absorbance at 260 nm 
50 = The OD unit of double-stranded DNA is approximately 50 ng-pl™1 
DF = Dilution Factor = 40 
Quality of genomic DNA was tested by calculating the relationship between absorbances at 
260 and 280 nm, by means of the formula: 
DNAquality = A260/ A2S0 
Where: 
A260= Spectrophotometric absorbance at 260 nm 
,4280= Spectrophotometric absorbance at 280 nm 
Genomic DNA was re-extracted from samples that showed a weak signal on the agarose gel 
and/or if it performed poorly on the spectrophotometric test; by poor performance on the 
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spectrophotometric test, we mean the estimated final concentration of DNA was lower than 
125 ng.fxl-1 and/or the DNAquality value was lower than 1.8. 
Extracted genomic DNA was standardized to 100 ng-pl-1 and placed in 96-well plates stored 
at -80 °C. Samples for amplified fragment length polymorphism (AFLP) reactions were 
prepared by bulking 20 |il of genomic DNA from three randomly selected plants from each 
accession. Four bulked samples of genomic DNA at 100 ng-^r1 (bulks A, B, C, and D) were 
formed for every accession. On the basis of a preliminary study, in which bulks were formed 
both by mixing genomic DNA and leaf tissue to extract genomic DNA from three individual 
plants from two heterogeneous and two homogeneous populations (Table 1A in the 
Appendix), it was concluded that genomic DNA bulks were not substantially different from 
leaf-tissue bulks and reflected the genetic diversity of individuals included in the bulk, with 
acceptably low error rates given the evaluation of four three-plant bulks. 
AFLP Reactions 
AFLP procedures were conducted as described by Vos et al. (1995), with the following 
modifications, based on experiences gained through evaluating protocols used in Dr. Philipp 
Simon's Lab at the University of Wisconsin, in Madison, and from Dr. Jonathan Wendel's 
Lab at Iowa State University in Ames. The digestion reaction was performed by mixing 400 
ng (4 |al at lOOng-fil"1) of genomic DNA (preliminary tests determined that 400 ng gave more 
consistent results than did 200 or 600 ng), with 0.1 pi of BSA, with 2 pi of 10% Eco RI 
Buffer, with 0.1 |xl (10 units) of EcoKl and 1.0 p.1 (10 units) of M sel (both restriction 
enzymes were purchased from New England Biolabs (Ipswich, MA, USA)) and 11.95 jj.1 of 
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autoclaved double distilled water (ddHaO). Twenty (il of the digestion reaction mix were 
incubated at 37 °C for three hours, and enzymes were inactivated at 65 °C for 15 minutes. 
Adapters for each restriction enzyme (Table 3) were ligated by mixing 1.5 pi (75 pmoles) of 
MseI adapter and 1.5 pi (75 pmoles) of EcoBl adapter (at 50 pM each), with 4 |xl of 10x 
ligase buffer, 0.05 pi (20 units) of T4 DNA Ligase (New England Biolabs) and 12.95 pi of 
autoclaved double distilled water (ddHzO). Then, 20 pi of ligation mix were mixed with 20 
pi of digestion reaction and incubated overnight at 16 °C. The final digestion/ligation 
reaction was diluted 1:5 by mixing 20 pi of the reaction with 80 pi of TE buffer. Diluted 
reactions were used for +1 pre-selective amplification reactions. 
Table 3. Sequences for primers and adapters used in AFLP reactions for coriander genomic 
DNA. 
Primer/Adapter 5' - sequence - 3' 
£coRI forward adapter CTC GTA TAC TGC GTA CC 
EcoRI reverse adapter AAT TGG TAC GCA GTA 
Mse I forward adapter G AC GAT GAG TCC TGA G 
Msel reverse adapter TAC TCA GGA CTC ATC 
£coRI +1 primer (non-selective) TAC TGC GTA CCA ATT C - A 
Mse I +1 primer(non-selective) GAC GAT GAG TCC TGA GTA A - C 
Primers and adapters were purchased from Integrated DNA Technologies (Coralville, LA, USA). 
For +1 pre-selective amplification, a mix was prepared by adding 5 pi of 10* PCR Buffer 
(lx), 1.5 pi (1.5 mM) of MgClz at 50 mM, 4 pi (200 pM) of dNTPs mix at 2.5 mM each, 8 
pi (40 pmoles) of £coRI +1 primer at 5 pM, 8 pi (40 pmoles) of Mse I +1 primer at 5 pM 
(Table 2), 0.5 pi (2.5 units) of Taq Polymerase (Biolase DNA Polymerase™) at 5 units-pl-1, 
purchased from Bioline (Randolph, MA, USA), and 13 pi of autoclaved double distilled 
water (ddH20). For each reaction, to 40 pi +1 pre-selective amplification mix were added 10 
pi of the diluted digestion/ligation reaction, and the program was run on a PTC-100™ 
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Programmable Thermal Controller (Version 7.0) (MJ Research, Watertown, MA, USA). The 
reaction conditions for this program were as follows: step 1, 75 °C for 2 min; step 2, 94 °C 
for 30 sec; step 3, 56 °C for 30 sec; step 4, 75 °C for 2 min; step 5, consisted of 19 
replications of step 2; step 6, 60 °C for 30 min; and step 7, holding at 4 °C for undefined time. 
Obtained reactions were diluted 1:20 by mixing 5 pi of +1 pre-selective amplification 
reaction with 95 pi of TE Buffer. Based on the results of preliminary tests of eight primer-
pair combinations, four were selected to carry out the definitive AFLP reactions (Table 4), 
because they were the most polymorphic. iscoRI + 3 primers were labeled with fluorescence 
dyes (FAM and HEX primers), while the Mse I +3 primers were not labeled. As the selective 
amplifications were multiplexed, the four primer-pair reactions were accomplished through 
two primer combinations, b and d (Table 4). PCR reactions were run in sets of 60 bulks, 
with two primer combinations, b and d (Table 4), and each reaction was replicated twice. 
Mix for the +3 selective amplification reaction was prepared by mixing 2.5 pi (lx) of 10x 
PCR Buffer, 0.75 pi (1.5 mM) of MgCb at 50 mM, 3 pi (300 pM) of dNTPs at 2.5 mM each, 
0.75 pi (~4 pmoles) of fluorescence-labeled (FAM) EcoKl primer at 5 pM, 0.75 pi (~4 
pmoles) of fluorescence-labeled (HEX) .EcoRI primer at 5 pM, 0.5 pi (25 pmoles) of non-
labeled Msel primer at 50 pM, 0.25 pi (~1 unit) of Taq Polymerase (Biolase DNA 
Polymerase™) at 5 units-pi1, purchased from Bioline, and 11.5 pi of autoclaved double 
distilled water (ddH^O). Then, to 20 pi of the +3 selective amplification individual mix were 
added 5 pi of the diluted +1 pre-selective amplification reaction, and the program was run on 
the PTC-100™ Programmable Thermal Controller. Reaction conditions for this program 
were as follows: step 1, 94 °C for 2 min; step 2, 94 °C for 30 sec; step 3, 65 °C for 30 sec, and 
temperature was reduced by 1 °C per cycle; step 4, 72 °C for 2 min; step 5, consisted of 9 
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replications of step 2; step 6, 94 °C for 30 min; step 7, 56 °C for 30 sec; step 8, 72 °C for 2 
min; step 9, consisted of 25 replications of step 6; step 10, 60 °C for 5 min; and step 11, 
holding at 4 °C for undefined time. Ten ju.1 of the final +3 selective amplification reactions 
were mixed with 6 (xl of 6% loading dye and loaded into wells of 2% agarose, and the gel was 
run by 45 min at 70-80 volts and 10 milliamps to verify that final reactions were working. 
When no clear banding pattern was detected on the agarose gel, the +3 selective 
amplification reactions were redone. This test was done on six samples for each set of final 
reactions (10%). 
Table 4. Primer combinations, primer-pair combinations, and sequences for each primer in 
the study of molecular variability in coriander, 2005. 
Primer 
combination 
Primer pair Eco~Rl Primer Sequence Msel Primer Sequence 
a EcoRI +3 Primer (FAM1) GAC TGC GTA CCA GAC GAT GAG TCC TGA 
M Ms el Primer 1 ATTC-AGC GTA A - CAA 
a £coRI +3 Primer (HEX2) GAC TGC GTA CCA GAC GAT GAG TCC TGA 
2/Msel Primer 1 ATTC-ACG GTA A - CAA 
ba £coRI +3 Primer (HEX3) - GAC TGC GTA GAC GAT GAG TCC TGA 
3/Msel Primer 1 CCA ATT C - AAC GTA A - CAA 
ba £coRI +3 Primer (FAM4) - GAC TGC GTA GAC GAT GAG TCC TGA 
A/Msel Primer 1 CCA ATT C - ACA GTA A - CAA 
c EcoRl +3 Primer (FAM1) GAC TGC GTA CCA GAC GAT GAG TCC TGA 
l/Msel Primer 2 ATT C - AGC GTA A - CAC 
c £coRI +3 Primer (HEX2) GAC TGC GTA CCA GAC GAT GAG TCC TGA 
2/Msel Primer 2 ATT C - ACG GTA A - CAC 
da £coRI +3 Primer (HEX3) - GAC TGC GTA GAC GAT GAG TCC TGA 
Z/Msel Primer 2 CCA ATT C - AAC GTA A - CAC 
da £coRI +3 Primer (FAM4) - GAC TGC GTA GAC GAT GAG TCC TGA 
A/Ms el Primer 2 CCA ATT C - ACA GTA A - CAC 
a These primer combinations were used for the definitive reactions 
Primers were purchased from Integrated DNA Technologies (Coralville, IA, USA). 
An aliquot of 1.5 |il from each of the final +3 selective amplification reaction, replicated 
twice, was submitted to the DNA Facility at Iowa State University for genotyping on an ABI 
Prism 3100 Genetic Analyzer, from Applied Biosystems (Foster City, CA, USA). A 
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GeneScan 500 ROX Size Standard from Applied Biosystems was used to measure band size 
in base pairs. In this way, for each set of 60 DNA bulks (sets A, B, C, and D), eight groups 
of files were generated, consisting of one group for each primer pair, with two replications 
for each group. 
Scoring 
Files with genotyped data were imported to GenoGrapher software, version 1.6.0 (Benham, 
2001), available at http ://hordeum.oscs.montana.edu/genographer, for scoring. For optimal 
scoring, a single data file was imported for each primer pair including all four sets of bulks, 
with two replications in each set. This produced four final gel files, with 480 lanes each. 
Within each gel, the samples were paired on the lanes by replication to simplify scoring and 
analysis of replicability. To assess the reliability of these data, each gel was exported from 
GenoGrapher to Paint for Windows, version 5.1 (Microsoft® Paint, 1985-2001) and printed 
out. For some gels, there were a few lanes that showed no clear bands or displayed smears 
along the corresponding lane, PCR reactions for these samples were redone, reactions were 
resubmitted for genotyping, and the new files substituted for the uncertain ones. 
From preliminary work on GenoGrapher, a standard level of intensity of 10 was chosen for 
displaying the gels, because while higher levels can distinguish additional, weak bands, these 
weaker bands typically did not display clear, repeatable patterns (see second criterion, 
below). Bins were then constructed only for bands clearly distinguishable at the standard 
level of intensity. A second criterion to construct bins and select bands for scoring was that 
they had to show a clear pattern of peaks when visualized on the GenoGrapher thumbnail 
window. Scoring was done by using the segregating method for all four gels. The position 
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of the cutoff for scoring the peaks was handled according to the visualization and the 
intensity of the bands on the gel. Those peaks that were below the cutoff were considered as 
absent, and those peaks above the cutoff were scored as present. 
As AFLPs are typically dominant molecular markers (Hartl, 2000; Hartl and Jones, 2001; 
Pompanon et al., 2005), an A was assigned to present bands and a B to the absent ones. 
When pairs of peaks from the same sample showed slight differences in position in relation 
to the cutoff, then the following protocols were used for scoring: if the peak for a band from 
one replication was present at or below the cutoff and the peak for the same band from the 
other replication was above the cutoff, then the first one was considered as present; if the 
peak for a band from one replication was present below the cutoff and the peak for the same 
band from the other replication was at the same level as the cutoff, then both bands were 
considered as absent. In all situations in which there were no peaks for a band in the 
thumbnail window, either at one or both replications, the band was considered to be absent. 
With these criteria, 480 scores were obtained for every bin for each gel, representing each 
primer pair. Those scores were in pairs as AA, BB, AB, or BA for present/present, 
absent/absent, present/absent, and absent/present, for replications one and two, respectively. 
A consensus matrix of data was then created with 240 columns representing accessions (1,2, 
3, ....60) and sets (A, B, C, and D) and a variable number of rows, specific to each primer 
pair, with rows representing the bins for bands of a specific size in base pairs on the gel. 
This matrix was filled by A for present bands at both replications and by B for absent bands 
at both replications; a period (.) was used to represent the mismatches (mm), AB and BA. 
Upon completion of scoring, files were exported from GenoGrapher to Word (Microsoft® 
Office Word, 2003) and saved as a text file (*.txt) that was then imported into Excel 
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(Microsoft® Office Excel, 2003), for further processing and analysis. In Excel, data were 
transformed by replacing the characters A and B with 1 and 0, respectively; the period (.) was 
maintained for mismatched figures. The number and molecular sizes of each scored band at 
i 
each primer pair and for each set of DNA bulks were recorded, and the number of 
mismatches was scored for every band size. The number of monomorphic and polymorphic 
bands was calculated from those bands that lacked mismatches. 
To test the reliability of the distribution of bands among the four sets of bulks, each sampling 
the same universe of 60 accessions, a chi-square (x2) test was applied at each band size, to 
determine whether the four sets were likely to represent the same universe. The calculated 
chi-square (x2) was tested versus the %2 values from tables with a=0.01 and a =0.001 and 3 
degrees of freedom (Hartl and Jones, 2001). Band sizes with calculated values above the x2 
value from tables were not included in final analysis. In addition, monomorphic bands were 
excluded from the final data matrix. 
After applying the criteria described above, a final data matrix was created with scores from 
sets A, B, and C for primer pairs EcoRl +3 Primer 3/Msel and Primer 1 EcoRl +3 Primer 
4/Msel Primer 1 (see Table 3); and scores from all four sets (A, B, C, and D) for primer pairs 
EcoRl +3 Primer 3/Msel Primer 2 and EcoKl +3 Primer 4/Ms el Primer 2 (see Table 3). The 
data-matrix structure was then rearranged with molecular size of bands in columns and 
accessions with four sets within accessions in rows. 
Statistical Analysis 
An exploratory analysis of the final data matrix was carried out with 137 AFLP markers, by 
using the Logiciel de Calcul de Distances Moléculaires entre Variétés (LCDMV) software 
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(Lombard et al., 2001) developed for SAS (SAS Institute, Inc. version 6.12), known in 
English as the Calculation Software of Molecular Distances between Varieties (Dubreuil et 
al., 2003). This software was developed to analyze biochemical or molecular markers, 
distinguishing between homogeneous and heterogeneous populations (Dubreuil et al., 2003). 
From this exploratory analysis, frequencies of markers and their polymorphism information 
content (PIC) values were estimated. PIC values are equivalent to Nei's diversity estimate 
for biallelic loci (Nei, 1978), and the formula for PIC values is: 
Where: 
pm = the estimated frequency of the marker m in the study 
Given coriander's allogamous breeding system (Jansen, 1981; Sethi, 1981; Diederichsen, 
1996a) and prevalence of coriander landraces in both commercial production (Diederichsen, 
1996a) and the sample studied herein, it is likely that the sampled accessions comprise 
heterogeneous populations. For that reason, estimates of genetic parameters corresponding 
to heterogeneous populations were obtained with LCDMV (Dubreuil et al., 2003), including 
a) the average number of individuals characterized by locus or band and by variety; b) the 
mean number of alleles within each variety over all loci; and c) the PIC value within each 
accession. 
According to Nei (1978), the formula for PIC value within accessions is: 
PIC = 2p„,(\-p„) 
Where: 
L = the total number of loci characterized for variety i 
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n = the number of individuals characterized for locus / 
p ai = the estimated frequency of allele a at locus I for variety i 
In addition to the estimates mentioned above, a Principal Components Analysis (PCA) was 
conducted with LCDMV. 
From exploratory analysis, it was clear that there were markers with low PIC values among 
the 137 originally analyzed. This is not surprising because bulking overestimates allele 
frequencies, and the inclusion of nearly monomorphic markers adversely affected the 
dispersion of accessions in PCA plots. Thus, a series of analyses were run in LCDMV for 
eight different subsets of AFLP markers with PIC values exceeding 0.10, 0.15, 0.20, 0.25, 
0.30, 0.35, 0.40, and 0.45, as the maximum value for PIC is 0.50 (Hongtrakul et al., 1997). 
On the basis of these analyses, all further study focused on a subset of 80 markers with PIC 
values greater than 0.15. 
A frequency matrix for AFLP markers, based on the presence or absence of the pertinent 
band in each of the four bulks was constructed, with populations in rows and marker size in 
columns. A matrix of Pearson correlation coefficients was computed from this frequency 
matrix with PROC CORR in SAS (SAS Institute, 2002-2003). A Principal Component 
Analysis was carried out with the Pearson correlation matrix, and the first three principal 
components were plotted on a three-dimensional graph. 
Modified Rogers' distances were computed, and a genetic distance matrix was constructed 
by using Tools for Population Genetic Analyses Software (TFPGA) version 1.3, 2000 
(Miller, 1997). Modified Rogers' distance is a Euclidean distance measure, and it considers 
each scored locus as an orthogonal dimension. It can be treated as a binomial variable, if 
random sampling is done among the genome (Mohammadi and Prasanna, 2003). 
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The formula for modified Rogers' distances is as follows: 
G D m = [ ( N „ + N j / 2 N F  
Where: 
GDMr = Modified Rogers' Genetic Distance 
Mo = the number of bands-alleles present only in the individual i 
Nq\ = the number of bands-alleles present only in the individual j 
N = the total number of bands-alleles 
This genetic distance matrix was used to construct a tree to describe genetic structure among 
populations, based on the neighbor-joining clustering algorithm, which is widely used to 
infer phylogenetic relationships when working with sequence data or molecular markers 
(Hollingsworth and Ennos, 2004; Tamura et al., 2004). The neighbor-joining algorithm has 
the advantages of accuracy and speed in computation when working with small data set, 
constructing trees by assuming minimum evolution (Tamura et al., 2004). Our tree was 
constructed by using Genetic Data Analysis Software (GDA) version 1.0 for Windows 
95/NT (Lewis and Zaykin, 2001) and visualized by means of TreeView Software (Win 32) 
version 1.6.6 (Page, 2001). 
Geographical distances were calculated from geographical coordinates based on passport 
data for each accession (Table 1); there were eight accessions without information regarding 
the location from which they were collected; thus, the centroid was computed for the country 
of origin of those accessions, and geographical coordinates were estimated by using the 
ArcMap application from ArcGIS 9.1 Software (Minami, 2000). The geographical distance 
matrix was computed with GenAlEx Software (Peakall and Smouse, 2006; Flanagan, 2006), 
available at http://www.anu.edu.au/BoZo/GenAlEx/. With geographical distances, a tree was 
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constructed applying the UPGMA algorithm for clustering. Genetic Data Analysis Software 
(GDA) version 1.0 for Windows 95/NT (Lewis and Zaykin, 2001) was used for constructing 
the tree, and the resulting dendrogram was visualized by means of TreeView Software (Win 
32) version 1.6.6 (Page, 2001). 
The Mantel test is a sampled randomization technique that is used to determine associations 
between distance matrices (Sokal and Rohlf, 1995). A Mantel test was carried out to 
compare the Euclidean distance matrix from phenological and morphological traits with the 
modified Rogers' distance matrix. The geographical distance matrix was also compared with 
the Euclidean distance and modified Rogers' distance matrices, by means of the Mantel test. 
Mantel tests were carried out with TFPGA Software (Miller, 1997). 
In order to test the significance of the genetic structure obtained from the analyses of the 
Euclidean distance matrix, the genetic distance matrices, and geographical distances, an 
analysis of molecular variance (AMOVA) was carried out, and statistics analogous to 
Wright's Fst (Excoffier et al., 1992) were estimated by using Arlequin Software version 3.01 
(Excoffier et al., 2006) for grouping patterns from phenological and morphological variation, 
for grouping patterns from the AFLP analysis, and for patterns from geographical origin. 
Results and Discussion 
Field Evaluation 
Weather Conditions during Field Evaluation 
In 2002, conditions were relatively warm and dry during the evaluation period, and 
maximum temperatures reached at least 36 °C with no temperatures below freezing (Table 5). 
The 2003 growing season was much wetter and somewhat cooler, although this year 
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registered higher maximum temperatures. The amount of precipitation for 2003 was twice 
that received in 2002. 
Table 5. Weather conditions for field evaluations of coriander in 2002 and 2003 (by planting 
date in 2003). 
Temperature and Precipitation measurement Year of Evaluation 
2002 2003 
First Planting Second Planting 
Minimum temperature (°C) 2 2 2 
Maximum Temperature (°C) 36 37 37 
Cumulative precipitation (mm) 456 935 962 
Growing Degree-Days 1561 1146 1357 
The distribution of climatic factors during the 2002 and 2003 field seasons is shown in 
Figures 3 and 4, respectively. Ranges for the phenological characteristics, days to start of 
flowering (DSF), days to end of flowering (DBF) and days to harvest (DH), are presented in 
the same Figures. In general, there were broad ranges for these three traits under all 
conditions, but notably the ranges for the second planting date in 2003 were wider than 
ranges for the first planting date (Figure 4). The environment plays an important role in 
diversity characterization, when based on morphological traits. Differences in weather 
conditions for growing seasons for both years of evaluation may have contributed to higher 
overall yields for 2003. In 2003, phenological characteristics, such as days to start of 
flowering (DSF), days to end of flowering (DBF) and days to harvest (DH), showed broader 
ranges during growing season for the second planting date, which can be explained on the 
basis of the shorter cycle for early populations in that growing season, but late populations, 
such as SY3_IIa, maintained as long a cycle as in the first planting date, enlarging the overall 
ranges (Figure 4). Photoperiod and growing-degree day curves showed a similar performance 
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Figure 3. (a) Minimum and maximum temperature (°C) and precipitation (mm); (b) growing 
degree-days and photoperiod (hours) for growing season in field trial for coriander, 2002. 
GDD= Growing degree-days; PDl=Planting date 1; PD2=Planting date 2; DSF=Days to start of flowering; 
DEF= Days to end of flowering; DH=Days to harvest. 
Note: Horizontal solid lines represent ranges for each phenological stage for the first planting date and dashed 
lines represent ranges for the second planting date. 
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Figure 4. (a) Minimum and maximum temperature (°C) and precipitation (mm); (b) growing 
degree-days and photoperiod (hours) for growing season in field trial for coriander, 2003. 
GDD= Growing degree-days; PDl=Planting date 1; PD2=Planting date 2; DSF=Days to start of flowering; 
DEF= Days to end of flowering; DH=Days to harvest. 
Note: Horizontal solid lines represent ranges for each phenological stage for the first planting date and dashed 
lines represent ranges for the second planting date. 
for both years; however, total accumulated growing-degree days were higher for 2002 than 
for 2003. Because of that, plants received sufficient growing-degree days for phenological 
changes more quickly in 2002 than in 2003. 
Phenological, Morphological, and Chemical Characteristics 
A summary of descriptive statistics for the phenological and morphological traits evaluated 
in 2002 and 2003 is shown in Table 6. In general, large variation in phenological, vegetative, 
reproductive, and chemical traits among accessions was reflected by wide ranges for those 
characteristics. The phenological trait, days to maturity (DM), the vegetative traits, number 
of basal leaves (NBL) and length of the longest basal leaf (LLBL), and the chemical trait, 
essential oil content (EOCP), exhibited high values for kurtosis and skewness, which meant 
that the distributions of those variables were asymmetric and peaked, differing from the 
normal distribution. Thus, they were transformed, as described in the Materials and 
Methods; even after transformation, number of basal leaves (NBL) showed high values for 
skewness and kurtosis. 
Phenotypic variation for coriander can be explained on the basis of the diverse geographical 
origins of these accessions and local human selection focusing on the plant part of interest, 
leading to the possible formation of ecotypes and/or botanical varieties (Ivanova and 
Stoletova, 1990; Diederichsen, 1996a; Diederichsen and Hammer, 2003). The coriander 
collection at the NCRPIS is characterized by considerable phenotypic variation for traits of 
interest, which are related to the different uses for this species. It is important to highlight 
this finding because it is consistent with the goals of ex situ germplasm conservation 
(Spooner et al., 2005) for crop species and their wild relatives, preserving sufficient genetic 
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and phenotypic diversity of important characteristics to support crop improvement and basic 
research. 
Table 6. Estimates for phenological and morphological traits in coriander populations, based 
on data from 2002 and 2003 field evaluations.a 
Variable Maximum Minimum Range Mean Standard Standard Skewness Kurtosis 
Dev Error 
Phenological traits 
DSE 75.00 25.00 50.00 46.87 8.82 0.45 0.204 0.261 
DSF 86.00 33.80 52.20 55.07 9.91 0.50 0.083 -0.051 
RSEDSF 33.40 2.00 31.40 10.92 5.15 0.26 0.449 0.368 
DEF 100.07 38.30 61.77 66.82 11.74 0.60 -0.178 -0.329 
FR 26.50 3.30 23.20 11.75 4.04 0.20 0.346 -0.159 
DH 115.00 59.00 56.00 91.37 10.94 0.61 -0.417 -0.361 
DM b 60.70 9.0 51.70 23.28 6.10 0.34 0.423 1.495 
Vegetative traits 
ANST 9.00 1.00 8.00 3.14 1.96 0.10 1.081 0.480 
NBL b 69.50 1.70 67.80 8.90 9.27 0.49 2.167 6.314 
LLBL b 45.80 4.60 41.20 15.29 5.82 0.31 0.579 1.297 
BSLBL 6.00 2.10 3.90 4.04 0.59 0.03 0.082 0.969 
HBL 5.00 1.00 4.10 2.10 0.68 0.03 0.759 1.049 
PH 91.30 20.10 71.20 51.36 15.15 0.81 0.034 -0.536 
Reproductive traits 
ANPE 5.40 1.00 4.40 1.94 0.98 0.05 1.237 1.000 
NU 357.40 11.50 345.90 103.30 67.27 3.74 1.057 0.844 
PWF 100.00 3.09 96.90 69.13 24.98 1.28 -0.956 -0.050 
PSF 96.90 0.00 96.90 30.86 24.98 1.28 0.956 -0.050 
PY 23.09 0.24 22.85 5.64 3.88 0.21 1.112 1.586 
W1000F 13.34 2.22 11.12 5.52 2.07 0.10 1.083 1.120 
SF 9.00 1.00 8.00 3.95 1.75 0.09 1.026 0.694 
Chemical traits 
EOCPab 2.24 0.07 2.17 0.69 0.35 0.02 0.707 1.762 
FAC 30.15 4.90 25.25 20.17 4.19 0.21 -0.611 0.558 
DSE= days to stem elongation; DSF= days to start of flowering; RSEDSF= range between days to stem 
elongation and to start of flowering; DEF= days to end of flowering; FR= flowering range; DH= days to 
harvest; DM= days to maturity; ANST= anthocyanins on the stem; NBL= number of basal leaves; LLBL= 
length of the longest basal leave; BSLBL= blade shape of the longest basal leave; HBL= Insertion angle of the 
longest basal leaf; PH= plant height; ANPE= anthocyanins on the petals; NU= number of umbels per plant; 
PWF= percentage of the whole fruit; PSF= percentage of split fruit; PY= plant yield; W1000F= weight of 1000 
fruits; SF= shape of the fruits; EOCP= essential oil content in percentage; FAC= fatty acid content in 
percentage. 
a Statistics for EOCP were estimated based on data from 2003 field experiment, only. 
b Kurtosis and skewness presented in this table were estimated based on transformed data. 
46 
Pearson Correlations 
Seventeen of the 20 phenological and morphological characteristics were correlated to each 
other, and those correlations were often significant at a very high alpha level (Table 7). Two 
morphological features, insertion angle of the longest basal leaf (HBL) and anthocyanins on 
the petals (ANPE) had the lowest number of significant correlations with other traits. 
Further, days to maturity (DM) also displayed few significant correlations with other 
characteristics and most of those were negative. As percentage of the whole fruit (PWF) was 
entirely correlated with percentage of split fruit (PSF), the first one was dropped from 
subsequent analyses. Correlation between the two chemical traits was not significant, but 
those traits had interesting and highly significant correlations with some of phenological and 
morphological traits (Table 7); for instance, essential oil content (EOCP) was positively and 
highly correlated with plant yield (PY), but was negatively and highly correlated with 
percentage of split fruit (PSF). In addition, fatty-acid content (FAC) had a very high and 
positive correlation with shape of the fruit (SF) and with percentage of split fruit (PSF), but 
correlation with weight of 1000 fruits (W1000F) was significant and negative (Table 7). 
Although high correlation between two variables cannot be necessarily considered as 
causality, it is interesting that in this study there were many strong correlations between 
phenological, morphological, and chemical traits. Sokal and Rohlf (1995) mentioned that 
among morphological traits, many correlations between two variables are due to two or more 
common causes. However, attention must be paid to the positive correlation between 
essential-oil content (EOCP) and plant yield (PY), because it means that it should be possible 
Table 7. Matrix with Pearson correlation coefficients for phenological and morphological traits in coriander, based on means from 
2002 and 2003 field trials.3 
DSE DSF RSEDSF DEF FR DH DM ANST NBL LLBL BSLBL 
DSE 1.00 
DSF 0.90*** 1.00 
RSEDSF 0.19 ns 0.34*** 1.00 
DEF 0.88*** 0.94*** 0.53*** 1.00 
FR 0.35*** 0.29*** 0.71*** 0.59*** 1.00 
DH 0.77*** 0.82*** 0.40*** 0.86*** 0.43*** 1.00 
DM -0.29*** -0.32*** -0.27*** -0.36*** -0.26*** 0.14 * 1.00 
ANST 0.34*** 0.40*** 0.27*** 0.45*** 0.32*** 0.35*** -0.21*** 1.00 
NBL 0.51*** 0.54*** 0.20*** 0.50*** 0.14 ** 0.48*** -0.11 ns 0.20*** 1.00 
LLBL 0.57*** 0.59*** 0.20*** 0.60*** 0.28*** 0.74*** -0.08 ns 0.26*** 0.37*** 1.00 
BSLBL 0.47*** 0.49*** 0.25*** 0.52*** 0.30*** 0.42*** -0.21*** 0.35*** 0.36*** 0.36*** 1.00 
HBL -0.09 ns -0.10 ns 0.02 ns -0.10 ns -0.04 ns -0.13 * -0.05 ns -0.16 ** -0.07 ns -0.11 * -0.24*** 
PH 0.71*** 0.74*** 0.44*** 0.77*** 0.43*** 0.75*** -0.13 * 0.35*** 0.27*** 0.57*** 0.39*** 
ANPE -0.02 ns 0.00 ns -0.08 ns -0.09 ns -0.25*** 0.01 ns 0.00 ns -0.10 * 0.06 ns -0.10 ns -0.15 ** 
NU 0.49*** 0.58*** 0.31*** 0.60*** 0.29*** 0.54*** -0.19*** 0.38*** 0.34*** 0.54*** 0.46*** 
PWF 0.40*** 0.43*** 0.29*** 0.43*** 0.21*** 0.31*** -0.20*** 0.17 ** 0.11 * 0.16 ** 0.05 ns 
PSF -0.40*** -0.43*** -0.29*** -0.43*** -0.21*** -0.31*** 0.20*** -0.17 ** -0.11 * -0.16 ** -0.05 ns 
PY 0.29*** 0.34*** 0.28*** 0.37*** 0.23*** 0.34*** -0.11 ns 0.12 * -0.02 ns 0.29*** 0.19*** 
W1000F -0.56*** -0.56*** -0.34*** -0.60*** -0.38*** -0.40*** 0.36*** -0.44*** -0.35*** -0.24*** -0.40*** 
SF -0.12 * -0.16 ** -0.05 ns -0.16** -0.08 ns -0.18 ** -0.02 ns -0.05 ns 0.00 ns -0.14 * -0.08 ns 
EOCP 0.08 ns 0.14 * 0.05 ns 0.15 * 0.05 ns 0.12 ns -0.06 ns -0.03 ns -0.17 ** 0.14 * -0.08 ns 
FAC -0.14 * -0.16 ** -0.01 ns -0.13 * 0.00 ns -0.11 ns 0.03 ns 0.10 * -0.04 ns -0.24*** 0.05 ns 
DSE= days to stem elongation; DSF= days to start of flowering; RSEDSF= range between days to stem elongation and to start of flowering; DEF= days to 
end of flowering; FR= flowering range; DH= days to harvest; DM= days to maturity; ANST= anthocyanins on the stem; NBL= number of basal leaves; 
LLBL= length of the longest basal leave; BSLBL= blade shape of the longest basal leave; HBL= Insertion angle of the longest basal leaf; PH= plant height; 
ANPE= anthocyanins on the petals; NU= number of umbels per plant; PWF= percentage of the whole fruit; PSF= percentage of split fruit; PY= plant yield; 
W1000F= weight of 1000 fruits; SF= shape of the fruits; EOCP= essential oil content in percentage; FAC= fatty acid content in percentage, 
ns = non-significant 
* = significant (a= 0.05) 
** = highly significant (a = 0.01) 
***= very highly significant (a = 0.001) 
3 Means for EOCP were estimated basis on data from the 2003 field experiment, only. 
Table 7. (continued). 
HBL PH ANPE NU PWF PSF PY W1000F SF EOCP PAC 
DSE 
DSF 
RSEDSF 
DEF 
FR 
DH 
DM 
ANST 
NBL 
LLBL 
BSLBL 
HBL 1.00 
PH -0.14 ** 1.00 
ANPE 0.02 ns -0.13 * 1.00 
NU -0.13 * 0.51*** -0.10 ns 1.00 
PWF 0.06 ns 0.45*** -0.06 ns 0.18 ** 1.00 
PSF -0.06 ns -0.45*** 0.06 ns -0.18 ** -1.00*** 1.00 
PY 0.03 ns 0.48*** -0.21*** 0.45*** 0.38*** -0.38*** 1.00 
W1000F 0.03 ns -0.40*** 0.15 ** -0.35*** -0.21*** 0.21*** -0.06 ns 1.00 
SF 0.02 ns -0.15 ** 0.09 ns -0.10 ns -0.35*** 0.35*** -0.25*** -0.09 ns 1.00 
EOCP -0.01 ns 0.14 * -0.08 ns 0.06 ns 0.35*** -0.35*** 0.27*** -0.13 ns -0.17 ** 
FAC 
-0.05 ns -0.04 ns -0.06 ns -0.07 ns -0.29*** 0.29*** 0.07 ns -0.19*** 0.21*** 
DSE= days to stem elongation; DSF= days to start of flowering; RSEDSF= range between days to stem elongation and to start of flowering; DEF= days to 
end of flowering; FR= flowering range; DH= days to harvest; DM= days to maturity; ANST- anthocyanins on the stem; NBL= number of basal leaves; 
LLBL= length of the longest basal leave; BSLBL= blade shape of the longest basal leave; HBL= Insertion angle of the longest basal leaf; PH= plant height; 
ANPE= anthocyanins on the petals; NU= number of umbels per plant; PWF= percentage of the whole fruit; PSF= percentage of split fruit; PY= plant yield; 
W1000F= weight of 1000 fruits; SF= shape of the fruits; EOCP= essential oil content in percentage; FAC= fatty acid content in percentage, 
ns = non-significant 
* = significant (a= 0.05) 
** = highly significant (a = 0.01) 
***= very highly significant (a = 0.001) 
3 Means for EOCP were estimated basis on data from 2003 field experiment, only. 
to increase the amount of seed produced and the concentration of essential oil at the same 
time in a plant breeding program. The negative and significant correlation between essential-
oil content (EOCP) and percentage of split fruit (PSF) can be explained on the basis of 
volatilization of essential oils from the split fruits, because the oil ducts (Szujko-Lacza, 1994) 
are then exposed. 
Analyses of Variance 
ANOVA detected significant differences between years for all of the phenological and 
morphological traits, except for number of basal leaves (NBL). And there were highly 
significant differences among the 60 selected accessions for all these traits when combining 
data from both field evaluations (Table 8). 
From the analysis of data solely from the 2003 field evaluation, significant or highly 
significant differences between planting dates were observed for 15 of the 21 phenological, 
morphological and chemical characteristics. Only days to maturity (DM), blade shape of the 
longest basal leaf (BSLBL), insertion angle of the longest basal leaf (HBL), anthocyanins on 
the petals (ANPE), number of umbels (NU), and shape of the fruits (SF) were not affected 
by planting date. Again, there were significant or highly significant differences among 
accessions for all of the traits, except for insertion angle of the longest basal leaf (HBL). 
Accession x planting date interactions were significant or highly significant for six of seven 
phenological traits, for five of six vegetative traits, but for only two of six reproductive 
characteristics (Table 7). 
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Table 8. Mean squares for phenological and morphological traits in coriander. ANOVA for 
combined data for years 2002 and 2003 and for two planting dates in 2003. 
Variable Combined analysis 2003 Analysis 
Years Accessions Planting Dates Accessions Interaction Accession x 
Planting Date 
DSE 3718.37 *** 320.45 *** 1770.96 *** 231.26 *** 17.01 *** 
DSF 4313.43 *** 461.64 *** 1150.92 327.56 *** 24.52 *** 
RSEDSF 1920.57 *** 35.66 *** 66.55 ** 24.56 ** 13.11 * 
DEF 8041.34 *** 627.02 *** 2238.90 *** 424.24 *** 21.60 ** 
FR 575.86 *** 38.12 *** 179.40 *** 34.19 ** 16.84 *** 
DH 343.25 *** 501.60 *** 2541.41 *** 403.18 *** 32.70 *** 
DM a 3.79 *** 0.43 ** 0.19 ns 0.32 * 0.20 ns 
ANST 136.21 *** 14.67 *** 15.46*** 14.02 *** 1.52 * 
NBL a 1.49 ns 4.95 *** 20.45 *** 4.02 *** 0.73 *** 
LLBL a 0.82 * 1.78 *** 12.84 *** 1.14 *** 0.11 *** 
BSLBL 5.14 *** 1.34 *** 0.01 ns 1.32 *** 0.19 ns 
HBL 1.61 * 0.78 *** 0.19 ns 0.87 ns 0.59 ** 
PH 12169.09 *** 590.85 *** 11156.65*** 511.23 *** 79.85 *** 
ANPE 5.19 * 1.69 *** 1.94 ns 1.45 * 0.89 * 
NU 33702.16*** 15598.93 *** 1.72 ns 14166.94 *** 2416.28 * 
PSF 48399.56 *** 2097.39 *** 841.74 ** 1053.35 *** 89.25 ns 
PY 195.87 *** 31.47 388.11*** 32.86*** 9.22 ns 
W1000F 486.97 *** 15.33 *** 18.53 *** 7.38 *** 0.32 ns 
SF 8.56 ** 13.88 *** 2.08 ns 9.79 *** 0.98 ns 
EOCP a NE NE 0.03 * 0.14 *** 0.01 ns 
FAC 606.37 *** 45.44 *** 209.77*** 20.58 *** 7.87 * 
DSE= days to stem elongation; DSF= days to start of flowering; RSEDSF= range between days to stem 
elongation and to start of flowering; DEF= days to end of flowering; FR= flowering range; DH= days to 
harvest; DM= days to maturity; ANST= anthocyanins on the stem; NBL= number of basal leaves; LLBL= 
length of the longest basal leave; BSLBL= blade shape of the longest basal leave; HBL= Insertion angle of the 
longest basal leaf; PH= plant height; ANPE= anthocyanins on the petals; NU= number of umbels per plant; 
PSF= percentage of split fruit; PY= plant yield; W1000F= weight of 1000 fruits; SF= shape of the fruits; 
EOCP= essential oil content in percentage; FAC= fatty acid content in percentage. 
ns = non-significant 
* = significant (a= 0.05) 
** = highly significant (a = 0.01) 
***= very highly significant (a = 0.001) 
NE = not evaluated; 
a Mean squares based on transformed data 
In relation to chemical traits, there was a significant interaction only for fatty acid content 
(FAC). It is important to mention the relevance of the interaction population * planting date 
for most of the phenotypic traits in this study; many authors have already pointed out the 
importance of the genotype-by-environment interaction for phenological and morphological 
traits in coriander (Jindla et al., 1985; Sastri et al., 1989; Bhandari and Gupta, 1991; Angelini 
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et al., 1997; Ali et al., 1999). However, many of the reproductive traits were relatively 
stable, and the lack of a significant interaction for essential-oil content, a chemical trait, 
highlights the importance of this character as an auxiliary in the classification and 
characterization of coriander populations at the infraspecific level (Diederichsen, 1996a; 
Diederichsen and Hammer, 2003). 
Comparison of Means between Years and between Planting Dates 
Except for four traits: days to maturity (DM), anthocyanins on the petals (ANPE), percentage 
of split fruit (PSF), and weight of 1000 fruits (W1000F), all the phenological and 
morphological traits recorded higher values in 2003 than in 2002 (Table 9). Thus, the 
growing season in 2003 permitted a longer growing cycle for plants with better vegetative 
development and higher plant yield. Expression of the chemical traits was also higher during 
2003. 
Means for the first planting date were higher than for the second planting date for four of 
seven phenological traits (Table 9); only value for range between stem elongation and days to 
start of flowering (RSEDSF) was higher for the second planting date. The second planting 
date resulted in a more compressed developmental cycle for the plants and reduced values for 
some reproductive characteristics, including plant yield (PY) and weight of 1000 fruits 
(W1000F). Percentage of essential oil (EOCP) was lower in seeds harvested from the second 
planting date, whereas fatty acid content (FAC) was higher. Differences between 
phenological, morphological, and chemical traits due to years and planting dates in this study 
demonstrate the effect of the environment on the expression of many of these phenotypic 
traits (Lombard et al., 2001; Nuel et al., 2001). It confirms the capacity of the plants to 
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modify trait expression, as a consequence of changes in the environment; this phenomenon is 
called phenotypic plasticity (Dewitt and Scheiner, 2004). Although plasticity is a desirable 
attribute for plant adaptation, it confounds population characterization in genebanks 
(Lombard et al., 2001; Nuel et al., 2001; Bhat et al., 2004). 
Table 9. Year and planting date means comparisons for phenological and morphological 
traits in coriander by using the t test. 
Variable Year means Planting date means 
2002 2003 Planting Date 1 Planting Date 2 
DSE 42.73 b 49.30 a 52.02 a 46.59 b 
DSF 50.58 b 57.71 a 59.90 a 55.52 b 
RSEDSF 7.84 b 12.73 a 7.88 b 8.93 a 
DEF 60.67 b 70.44 a 73.50 a 67.39 b 
FR 10.10b 12.73 a 13.60 a 11.87b 
DH 89.01 b 92.18 a 95.43 a 88.92 b 
DM 27.74 a 21.74 b 21.93 a 21.54 a 
ANST 2.33 b 3.62 a 3.36 b 3.87 a 
NBL 7.18b 9.68 a 7.22 b 12.15 a 
LLBL 15.56 a 15.17 a 16.95 a 13.40 b 
BSLBL 3.89 b 4.13 a 4.12 a 4.14 a 
HBL 2.00 b 2.16 a 2.13 a 2.19 a 
PH 41.02 b 55.97 a 62.79 a 49.16 b 
ANPE 2.06 a 1.88 b 1.97 a 1.79 a 
NU 79.70 b 111.38a 111.29 a 111.46 a 
PSF 46.17 a 21.88b 20.00 b 23.75 a 
PY 3.22 b 6.47 a 7.74 a 5.20 b 
W1000F 6.98 a 4.67 b 4.95 a 4.39 b 
SF 3.74 b 4.08 a 3.98 a 4.17 a 
EOCP NE NE 0.71 a 0.68 b 
FAC 18.54 b 21.13a 20.19 b 22.06 a 
DSE= days to stem elongation; DSF= days to start of flowering; RSEDSF= range between days to stem 
elongation and to start of flowering; DEF= days to end of flowering; FR= flowering range; DH= days to 
harvest; DM= days to maturity; ANST= anthocyanins on the stem; NBL= number of basal leaves; LLBL= 
length of the longest basal leave; BSLBL= blade shape of the longest basal leave; HBL= Insertion angle of the 
longest basal leaf; PH= plant height; ANPE= anthocyanins on the petals; NU= number of umbels per plant; 
PSF= percentage of split fruit; PY= plant yield; W1000F= weight of 1000 fruits; SF= shape of the fruits; 
EOCP= essential oil content in percentage; FAC= fatty acid content in percentage. 
Means with same letters in rows are not statistically different, with a=0.05. 
NE = not evaluated. 
Some characters, such as days to maturity (DM), blade shape of the longest basal leaf 
(BSLBL), insertion angle of the longest basal leaf (HBL), anthocyanins on the petals 
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(ANPE), number of umbels (NU), and shape of the fruits (SF), showed more stability 
between planting dates; furthermore, percentage of split fruit (PSF), plant yield (PY), weight 
of 1000 fruits (WIOOOF), shape of the fruit (SF), and essential-oil content in percentage 
(EOCP) showed a lack of interaction with planting dates, and thus, those traits can be 
considered as stable and appropriate to score for future characterizations in coriander. In 
addition, soil characteristics, maximum and minimum temperatures, growing-degree days, 
precipitation, and photoperiod for the growing season, are important environmental 
characteristics for use in population characterization. 
Phenotypic Distances 
Computed values for the Euclidean distance matrix are shown in Table 2A, in the Appendix. 
Phenotypic distances ranged from 1.33 to 13.94 with the minimum distance between two 
populations from Oman, OM2_Ib and OM8 lb and the maximum distance between 
populations from Sudan and Syria, SUl Ia and SY3_IIa, respectively. Furthermore, 
population SUl Ia had the largest mean values for phenotypic distance when compared 
against all the other populations (Table 2A in Appendix A). 
Cluster Analysis and Phenetic Relationships 
A dendrogram showing phenetic relationships among studied populations is presented in 
Figure 5. 
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Figure 5. Phenetic relationships among 60 populations of coriander, based on Euclidean distances 
from phenological and morphological traits. 
At least three main groups can be distinguished in this tree. Group I includes 17 populations, 
which can be subdivided into three subgroups: subgroup la is formed only by one population 
from Sudan; subgroup lb includes populations from India, Oman, Pakistan, and Syria; 
subgroup Ic contains populations from Canada, Ethiopia, Mexico, the Netherlands, and 
Turkey (Figure 5). 
Group II, located between Groups I and III is the smallest, with only five populations; it can 
be divided into subgroups lia and lib. Subgroup Ha contains only populations from Syria, 
and subgroup lib includes populations from Armenia and the Russian Federation (Figure 5). 
Group III is the largest group encompassing 28 populations; this group is divided into 
subgroups Ilia and Illb. Subgroup Ilia is formed of populations from Mexico, United 
Kingdom, and United States of America. Subgroup Illb is the largest and most diverse 
subgroup, based on the geographical origins of the populations that it includes; those 
populations are from Afghanistan, Azerbaijan, Bulgaria, Chile, China, Czech Republic, 
France, Georgia, Germany, Kazakhstan, Poland, Romania, Russian Federation, Tajikistan, 
Turkey, United Kingdom, United States of America, and Uzbekistan (Figure 5). 
Principal Components Analysis 
The four first principal components had eigenvalues greater than 1.0, and they together 
explained 73.5% of the total variation. The first principal component had an eigenvalue of 
9.4, explaining 45.0% of the whole variation (Figure 6). Phenological traits, such as days to 
stem elongation (DSE), days to start of flowering (DSF), days to end of flowering (DEF), and 
days to harvest (DH), contributed strongly to variation for this principal component, with 
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eigenvectors above 0.30. The second principal component's eigenvalue was 2.7; it explained 
13.0 of the total variation. 
Legend 
Group I: subgroups Ia= cube; Ib= star; Ic= pyramid 
Group II: subgroups IIa= square; IIb= club 
Group III: subgroups IIIa= flag; IIIb= balloon 
Figure 6. Three-dimensional distribution for 60 selected coriander populations, based on the 
first three principal components from phenotypic data. 
Reproductive traits, such as individual shape of the fruit (SF), percentage of split fruit (PSF), 
and plant yield (PY), and the chemical trait, percentage of essential oil (EOCP), contributed 
strongly to the variation of this principal component, with eigenvectors above 0.30. The 
third principal component's value was 2.0; it explained 9.6% of the total variation. Traits 
57 
with eigenvectors above 0.30 that contributed strongly to its variation included all four 
classes: flowering range (FR), number of basal leaves (NBL), anthocyanins on the petals 
(ANPE), and fatty-acid content (FAC), respectively. The fourth principal component had 1.2 
as its eigenvalue, it explained 5.9% of the total variation, and the phenological trait days to 
maturity (DM) was significantly related to this principal component, explaining most of its 
variation, with an eigenvector value of 0.75. 
Figure 6 shows a three-dimensional arrangement of phenotypic data for selected coriander 
populations, based on the first three principal components, which explained 67.6 % of the 
total variation. Populations from Group I form well-defined subgroups lb (star) and Ic 
(pyramid), and a single, distinct population, coded as la (cube). 
Populations from Group II include two well-defined subgroups, Ha (square) and lib (club). 
Populations from Group III are divided into two subgroups, a well-defined Ilia subgroup 
(flag) and a large, dispersed Illb subgroup (balloon). 
Descriptions of the Defined Groups 
Plants belonging to Group I have the shortest juvenile period and three or fewer basal leaves; 
their basal leaves are short as are the plants. These plants have few umbels and low seed 
yield, but with large, heavy ovate fruits. The seeds are intermediate in essential-oil content 
but with the highest fatty-acid content (Table 10). 
Populations from Group I conform to descriptions of two subspecies, indicum and sativum, 
described by Diederichsen and Hammer (2003). Subgroup lb populations fit with subsp. 
indicum, and populations from subgroup Ic are representative of subsp. sativum, with their 
distinctive, large fruits; this subspecies is found in the Mediterranean and western Europe. A 
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discrepancy with the classification of Diederichsen and Hammer (2003) relates to their 
proposed botanical variety pigmaeum Stolet. ex Diederichsen, which was included as part of 
subsp. indicum. However, in the present study, population SUl Ia, which fits all the 
characteristics for var. pygmaeum, appears as unique sample not nested within subgroup lb, 
the subgroup which conforms best to the description of subsp. indicum. 
Group II is formed by populations of plants with a very long juvenile period and many, large 
basal leaves; the plants are among the tallest with many umbels and low to intermediate seed 
yields. Their fruits are very small, low in weight, with a rounded shape and very low 
essential-oil and low fatty-acid content (Table 11). Regarding Group II, there is not a clear 
correspondence between it and any of the subspecies previously described by Diederichsen 
and Hammer (2003); Group II populations have traits intermediate between subspecies 
indicum and subspecies microcarpum, and some of them, mainly from subgroup lib, might 
even represent hybrids between those subspecies. 
Plants from Group III are intermediate in juvenility, with more than four basal leaves; their 
basal leaves are intermediate in length, and the plants are taller than are populations from 
Group I. These plants have an intermediate to high number of umbels, with the highest seed 
yields and rounded, small fruits, intermediate in weight. This group has the highest essential-
oil content and intermediate fatty-acid content (Table 12). Populations from Group III 
correspond closely to subsp. microcarpum, well described by Diederichsen and Hammer 
(2003). 
Table 10. Phenological and morphological traits for coriander populations from Group I. 
Population DSE DSF DEF FR RSEDSF DH DM NBL LLBL BSLBL HBL ANST PH NU ANPE PY SF PSF WIOOOF EOCP FAC 
SUl_Ia 31.2 36.9 44.8 7.9 5.6 63.7 18.5 2.6 7.1 2.8 3.3 1.2 27.0 12.8 2.0 0.1 3.9 57.9 6.2 0.48 20.8 
INI l_Ib 37.7 42.8 48.5 5.7 5.1 75.1 25.9 2.8 9.1 3.6 2.0 1.5 34.6 18.3 3.1 2.0 4.7 57.8 6.7 0.55 21.8 
IN7_Ib 35.7 41.1 51.1 10.0 5.4 84.3 31.9 4.6 10.2 3.4 2.1 1.5 32.3 51.6 3.2 3.5 7.6 44.3 6.1 0.54 21.5 
IN9_Ib 35.1 40.1 46.2 6.1 5.1 72.5 25.8 2.9 9.2 3.4 2.3 1.3 34.1 26.3 2.8 1.6 8.7 52.8 8.0 0.39 21.0 
0M2_Ib 36.1 41.4 49.0 7.6 5.3 74.4 25.5 2.5 10.8 3.2 2.3 1.3 38.5 11.3 2.2 1.3 6.9 60.1 8.7 0.66 21.5 
OM8_Ib 34.6 41.6 49.6 8.0 6.9 75.2 25.2 2.3 9.5 3.1 2.4 1.2 38.2 18.4 2.5 2.0 7.4 66.2 8.6 0.53 21.3 
P A l I b  36.7 41.6 50.1 8.6 4.8 74.5 23.7 3.4 11.0 3.7 1.9 1.7 34.4 26.7 1.7 2.2 5.1 78.6 5.4 0.39 24.3 
S Y l I b  34.9 41.8 49.1 7.3 6.9 74.4 24.5 3.0 9.4 3.1 2.3 1.3 35.9 15.7 2.2 2.8 3.4 29.2 7.0 0.66 22.5 
CA2_Ic 35.8 41.0 48.3 7.3 5.2 74.7 26.4 4.1 10.9 3.4 1.9 1.5 40.2 27.5 2.9 3.7 2.1 24.5 10.3 0.63 17.0 
ETIJc 41.1 45.4 55.2 9.7 4.4 75.5 19.5 4.8 11.9 4.1 2.2 1.3 29.3 32.8 2.6 3.7 3.3 20.2 6.5 0.64 14.9 
ET2_Ic 38.4 44.1 58.1 14.0 5.7 80.1 20.6 4.7 9.1 4.9 2.5 1.1 31.4 44.5 1.1 5.0 4.4 25.8 7.2 0.75 17.2 
ME2_Ic 43.2 49.2 57.7 8.5 5.9 85.7 26.2 4.4 13.2 3.8 2.0 1.8 44.2 39.5 2.2 4.5 2.3 36.2 8.5 0.53 23.7 
ME4_Ic 41.9 47.9 58.6 10.8 5.9 83.7 23.6 4.9 14.0 3.9 2.2 1.4 37.9 65.8 2.3 8.5 1.9 32.9 8.4 0.52 21.0 
ME7_Ic 40.2 47.1 58.0 10.9 6.9 82.9 23.6 5.2 11.8 4.0 2.2 1.9 44.2 64.0 1.9 7.4 2.3 28.9 8.5 0.48 21.9 
NT2_Ic 33.7 41.6 48.3 6.7 7.9 74.5 25.8 3.5 9.8 3.4 2.3 1.0 37.6 24.2 3.1 3.8 2.4 17.1 10.0 0.45 16.1 
T U l I c  42.9 51.0 63.9 12.9 8.0 89.3 25.0 4.0 12.5 3.3 2.9 1.3 43.1 56.0 1.1 5.1 3.4 40.7 4.9 0.70 20.7 
TU2 Ic 37.1 44.2 56.5 12.3 7.1 80.1 22.8 2.9 9.7 3.2 2.8 2.5 39.6 34.3 1.5 3.4 6.1 32.2 6.0 0.42 22.0 
Average 37.4 43.5 52.5 9.1 6.0 77.7 24.4 3.7 10.5 3.5 2.3 1.5 36.6 33.5 2.3 3.6 4.5 41.5 7.5 0.55 20.5 
Median 36.7 41.8 50.1 8.5 5.7 75.2 25.0 3.5 10.2 3.4 2.3 1.3 37.6 27.5 2.2 3.5 3.9 36.2 7.2 0.53 21.3 
Maximum 43.2 51.0 63.9 14.0 8.0 89.3 31.9 5.2 14.0 4.9 3.3 2.5 44.2 65.8 3.2 8.5 8.7 78.6 10.3 0.75 24.3 
Minimum 31.2 36.9 44.8 5.7 4.4 63.7 18.5 2.3 7.1 2.8 1.9 1.0 27.0 11.3 1.1 0.1 1.9 17.1 4.9 0.39 14.9 
Std Dev 3.4 3.6 5.4 2.4 1.1 6.2 3.1 1.0 1.7 0.5 0.4 0.3 5.0 17.5 0.7 2.1 2.2 17.8 1.5 0.11 2.6 
DSE= days to stem elongation; DSF= days to start of flowering; RSEDSF= range between days to stem elongation and to start of flowering; DEF= days to 
end of flowering; FR= flowering range; DH= days to harvest; DM= days to maturity; ANST= anthocyanins on the stem; NBL= number of basal leaves; 
LLBL= length of the longest basal leave; BSLBL= blade shape of the longest basal leave; HBL= Insertion angle of the longest basal leaf; PH= plant height; 
ANPE= anthocyanins on the petals; NU= number of umbels per plant; PSF= percentage of split fruit; PY= plant yield; W1000F= weight of 1000 fruits; SF= 
shape of the fruits; EOCP= essential oil content in percentage; FAC= fatty acid content in percentage. 
Table 11. Phenological and morphological traits for coriander accessions from Group II. 
Population DSE DSF DEF FR RSEDSF DH DM NBL LLBL BSLBL HBL ANST PH NU ANPE PY SF PSF WIOOOF EOCP FAC 
SY2_IIa 61.3 74.8 83.8 8.9 13.5 103.1 19.0 29.3 18.5 4.3 1.5 1.1 61.0 158.0 2.6 5.5 5.1 31.7 4.5 0.17 19.4 
SY3_IIa 64.3 77.3 89.7 12.4 13.0 110.4 20.3 40.8 24.0 4.2 2.1 1.9 62.6 126.7 3.4 2.3 4.3 27.9 3.9 0.18 14.9 
A R l I I b  58.2 64.6 77.4 12.8 6.3 99.5 20.2 27.7 23.6 5.1 2.5 4.5 56.5 201.9 2.0 3.5 4.6 42.6 4.2 0.29 16.0 
AR2_IIb 51.8 60.6 74.5 14.0 8.8 98.7 22.9 25.6 24.9 4.9 1.9 3.1 63.0 225.4 2.2 5.7 5.9 41.5 4.7 0.37 18.8 
RF6 lib 60.6 66.1 79.4 13.3 5.5 99.6 19.4 36.5 23.5 4.6 1.9 5.4 52.6 165.1 2.0 2.9 4.5 39.9 4.5 0.23 17.7 
Average 59.2 68.7 80.9 12.3 9.4 102.3 20.4 32.0 22.9 4.6 2.0 3.2 59.1 175.4 2.4 4.0 4.9 36.7 4.3 0.25 17.4 
Median 60.6 66.1 79.4 12.8 8.8 99.6 20.2 29.3 23.6 4.6 1.9 3.1 61.0 165.1 2.2 3.5 4.6 39.9 4.5 0.23 17.7 
Maximum 64.3 77.3 89.7 14.0 13.5 110.4 22.9 40.8 24.9 5.1 2.5 5.4 63.0 225.4 3.4 5.7 5.9 42.6 4.7 0.37 19.4 
Minimum 51.8 60.6 74.5 8.9 5.5 98.7 19.0 25.6 18.5 4.2 1.5 1.1 52.6 126.7 2.0 2.3 4.3 27.9 3.9 0.17 14.9 
Std Dev 4.7 7.1 5.9 2.0 3.7 4.8 1.5 6.4 2.5 0.4 0.4 1.8 4.5 38.7 0.6 1.5 0.7 6.5 0.3 0.08 1.9 
DSE= days to stem elongation; DSF= days to start of flowering; RSEDSF= range between days to stem elongation and to start of flowering; DEF= days to 
end of flowering; FR= flowering range; DH= days to harvest; DM= days to maturity; ANST= anthocyanins on the stem; NBL= number of basal leaves; 
LLBL= length of the longest basal leave; BSLBL= blade shape of the longest basal leave; HBL= Insertion angle of the longest basal leaf; PH= plant height; 
ANPE= anthocyanins on the petals; NU= number of umbels per plant; PSF= percentage of split fruit; PY= plant yield; W1000F= weight of 1000 fruits; SF= 
shape of the fruits; EOCP= essential oil content in percentage; FAC= fatty acid content in percentage. 
Table 12. Phenological and morphological traits for coriander populations from Group III. 
Population DSE DSF DEF FR RSEDSF DH DM NBL LLBL BSLBL HBL ANST PH NU ANPE PY SF PSF W1000F EOCP FAC 
MElJIIa 45.2 55.0 68.6 13.6 9.8 98.3 28.1 6.1 17.0 3.9 2.6 3.2 60.4 138.4 2.1 7.7 2.4 11.7 7.6 0.68 17.9 
ME14_IIIa 49.7 61.2 77.0 15.8 11.4 99.5 21.6 10.0 22.0 4.0 2.1 3.8 67.5 149.7 1.8 9.1 2.6 16.2 6.8 0.79 16.8 
ME5_IIIa 47.6 61.8 74.0 12.2 14.2 99.9 23.8 12.3 17.8 4.1 2.2 4.3 60.7 176.8 1.5 10.5 2.3 96 7.1 0.69 16.3 
UK3_IIIa 51.9 60.8 74.3 13.5 8.8 103.4 27.6 9.4 25.7 4.0 2.2 3.8 72.5 142.6 1.6 6.9 2.3 14.8 7.0 0.67 15.6 
USllJIIa 50.9 60.5 71.6 11.2 9.6 99.0 25.8 8.2 16.8 3.9 2.5 4.4 61.3 129.7 1.4 9.4 2.1 9.5 6.4 0.63 17.0 
US4_IIIa 51.2 61.0 73.8 12.8 9.7 101.1 25.6 8.6 20.8 4.0 2.0 4.7 66.7 168.9 1.4 9.7 2.9 15.9 6.8 0.66 14.6 
US7_IIIa 46.9 59.6 72.3 12.7 12.7 98.3 24.6 7.9 17.5 4.0 2.0 3.9 64.0 171.7 1.9 8.1 2.8 14.6 7.2 0.77 15.1 
AFIJIIb 39.1 45.4 58.6 13.2 6.3 84.8 22.1 4.0 13.4 3.9 2.2 3.4 40.4 61.7 1.5 4.7 5.4 58.1 5.7 0.57 22.9 
A Z I I I I b  50.8 58.8 71.1 12.3 8.0 98.4 25.6 11.7 17.8 4.4 1.7 6.7 56.2 176.4 1.8 4.7 5.1 49.2 4.5 0.60 21.2 
AZ2_IIIb 45.2 53.1 66.4 13.3 7.8 89.7 21.8 5.4 15.3 3.9 1.8 3.5 55.5 71.2 1.7 6.7 3.4 18.6 4.8 0.70 22.1 
B U l I I I b  53.9 65.0 76.9 11.9 11.1 99.1 19.7 12.4 22.0 4.1 1.7 1.6 53.8 158.1 2.0 5.9 4.6 22.8 4.6 1.34 19.1 
CH2_IIIb 41.2 50.2 62.9 12.7 9.0 89.1 25.3 4.1 11.4 4.1 2.2 4.0 45.6 50.8 2.1 4.1 3.9 35.5 4.7 0.86 22.0 
C H L I I I I b  45.6 52.8 63.6 10.8 7.2 84.9 20.0 6.7 14.4 4.5 1.4 4.4 45.8 63.0 1.9 5.1 2.3 29.4 6.3 0.45 21.0 
CZ2_IIIb 47.4 58.6 69.1 10.5 11.2 89.3 18.8 8.8 16.7 3.9 2.0 5.9 55.8 49.9 1.4 3.4 2.8 16.7 5.1 1.02 17.5 
FRIJIIb 51.6 59.6 69.9 10.3 7.9 92.4 21.2 11.4 21.7 4.0 2.2 2.1 54.9 119.1 2.0 5.9 2.7 14.0 4.5 0.82 18.8 
FR2_IIIb 50.4 58.2 67.7 9.5 7.8 86.8 18.1 8.6 16.8 3.9 1.8 3.6 49.1 54.9 2.0 3.0 3.3 11.7 4.4 1.04 17.9 
GE2_IIIb 51.8 60.1 7 0.5 10.5 83 93.9 22.1 9.5 19.3 4.0 1.9 2.6 53.4 62.2 1.8 4.5 2.9 10.9 5.9 0.86 16.9 
GE5_IIIb 52.2 60.0 70.3 10.4 7.8 93.3 21.5 8.6 16.4 4.0 2.2 2.4 50.8 78.5 2.1 4.6 2.4 8.6 5.6 0.83 16.3 
GE6_IIIb 44.7 52.6 65.2 12.6 7.9 88.4 23.0 7.6 15.2 3.9 2.0 1.8 53.2 53.8 1.8 4.9 2.7 17.2 5.8 0.80 20.9 
G E O l I I I b  45.2 51.6 68.2 16.7 6.3 97.9 27.3 10.1 15.7 4.4 1.4 4.7 48.8 108.9 1.6 3.3 3.6 47.0 3.3 0.45 24.3 
KA3_IIIb 45.2 57.4 69.0 11.6 12.2 91.1 20.7 8.9 17.8 4.3 1.7 3.4 52.8 210.2 2.0 6.6 3.7 56.9 5.3 0.69 21.1 
P O l I I I b  50.4 57.6 68.7 11.0 7.3 94.1 24.1 7.9 15.8 4.0 1.8 3.5 48.8 79.7 2.2 3.8 3.9 19.8 5.2 0.82 18.6 
RF2_IIIb 43.2 48.9 60.7 11.8 5.7 83.7 22.5 4.7 13.6 4.3 2.1 1.9 49.6 83.1 1.9 5.2 5.1 70.3 6.0 0.67 22.1 
RF3_IIIb 46.6 57.1 68.4 11.3 10.4 89.1 19.8 7.8 17.1 4.6 1.6 4.5 52.3 100.9 2.0 6.4 4.4 57.6 5.1 0.68 20.3 
RF4_IIIb 48.5 58.2 71.5 13.4 9.6 92.8 20.8 10.5 17.8 4.8 1.7 4.2 57.8 153.3 1.8 2.4 3.4 49.3 3.8 0.53 22.3 
RF5_IIIb 45.7 53.7 65.7 12.0 8.0 89.5 21.9 6.3 15.6 4.5 2.0 4.1 49.4 72.3 1.5 2.3 3.9 43.7 5.0 0.50 20.5 
ROlJIIb 53.6 61.1 73.7 12.6 7.5 100.1 24.7 12.9 22.5 4.1 2.2 2.6 63.4 117.5 1.9 7.5 5.0 24.9 4.3 1.04 18.3 
TAlJIIb 47.2 52.9 66.4 13.5 5.6 88.7 21.5 6.9 18.0 4.6 1.8 2.3 48.3 88.6 1.5 5.4 4.6 78.5 5.5 0.58 22.9 
TA2_IIIb 47.1 56.2 67.2 11.0 9.1 89.9 21.7 7.0 15.1 3.9 2.5 3.0 49.7 112.8 1.7 10.4 2.9 29.1 5.0 1.79 23.2 
TU3_IIIb 46.5 53.8 68.0 14.2 7.3 90.4 21.8 8.3 14.6 3.9 1.5 6.3 46.4 93.0 1.6 4.6 3.0 41.9 4.2 0.96 23.0 
TU4_IIIb 45.9 55.7 70.7 15.1 9.8 95.5 23.7 8.0 17.2 4.4 1.8 5.1 49.0 95.1 2.3 0.7 5.9 37.1 4.8 0.48 19.9 
Table 12. (continued). 
Population DSE DSF DBF FR RSEDSF DH DM NBL LLBL BSLBL HBL ANST PH NU ANPE PY SF PSF W1000F EOCP FAC 
TU5_IIIb 51.2 59.1 72.4 13.3 7.9 98 1 24.2 GO
 
17.6 4.2 2.0 7.1 46.8 97.8 2.3 2.5 4.8 40.3 4.7 0.38 23.7 
UK2_IIIb 46.5 59.0 69.7 10.7 12.5 93.6 22.9 8.3 17.6 4.2 2.1 3.2 58.4 97.3 1.4 5.8 3.1 19.9 5.3 1.21 22.0 
USIJIIb 51.1 59.0 71.8 12.8 8.0 98.3 24.4 11.9 13.9 4.6 2.3 2.8 49.3 52.8 2.9 3.8 3.6 41.0 4.0 0.74 21.7 
USIOJIIb 43.4 52.8 64.2 11.5 9.4 92.9 26.8 7.4 14.2 4.0 2.1 2.4 54.7 90.7 1.3 9.2 2.9 17.0 6.1 0.73 22.5 
US9_IIIb 50.8 59.2 75.9 16.7 8.4 99.6 22.5 6.8 18.2 3.9 2.0 2.2 53.5 89.8 1.7 5.0 3.7 19.2 4.8 1.55 18.9 
US19_IIIb 54.1 61.6 73.1 11.5 7.5 101.3 27.1 12.4 16.2 4.2 2.3 3.3 48.9 55.1 2.6 3.1 3.8 30.7 4.7 0.67 16.9 
UZl_IIIb 49.2 60.0 70.9 10.8 10.8 97.3 24.9 10.0 16.9 4.2 2.1 1.7 53.0 135.6 1.5 7.6 3.9 22 6 4.7 1 8 8  20.2 
Average 48.1 57.1 69.5 12.4 8.9 94.1 23.1 8.6 17.2 4.1 2.0 3.6 53.9 105.6 1.8 5.6 3.5 29.8 5.3 0.82 19.8 
Median 47.5 58.4 69.8 12.3 8.4 93.8 22.7 8.4 17.0 4.0 2.0 3.5 53.1 96.2 1.8 5.1 3.4 22.7 5.1 0.71 20.2 
Maximum 54.1 65.0 77.0 16.7 14.2 103.4 28.1 12.9 25.7 4.8 2.6 7.1 72.5 210.2 2.9 10.5 5.9 78.5 7.6 1.88 24.3 
Minimum 39.1 45.4 58.6 9.5 5.6 83.7 18.1 4.0 11.4 3.9 1.4 1.6 40.4 49.9 1.3 0.7 2.1 8.6 3.3 0.38 14.6 
Std Dev 3.6 4.2 4.2 1.7 2.0 5.3 2.5 2.3 2.9 0.2 0.3 1.4 6.9 43.0 0.3 2.4 1.0 18.3 1.0 0.34 2.7 
DSE= days to stem elongation; DSF= days to start of flowering; RSEDSF= range between days to stem elongation and to start of flowering; DEF= days to 
end of flowering; FR= flowering range; DH= days to harvest; DM= days to maturity; ANST= anthocyanins on the stem; NBL= number of basal leaves; 
LLBL= length of the longest basal leave; BSLBL= blade shape of the longest basal leave; HBL= Insertion angle of the longest basal leaf; PH= plant height; ^ 
ANPE= anthocyanins on the petals; NU= number of umbels per plant; PSF= percentage of split fruit; PY= plant yield; W1000F= weight of 1000 fruits; SF= 
shape of the fruits; EOCP= essential oil content in percentage; FAC= fatty acid content in percentage. 
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All three subspecies proposed by Diederichsen and Hammer (2003) are represented among 
the accessions evaluated in this study (Table 13); below the subspecific level, our accessions 
match to the descriptions of at least nine of the ten botanical varieties previously described 
by the mentioned authors. Of the four botanical varieties that Diederichsen and Hammer 
(2003) included under subspecies indicum, only var. bhutanense Diederichsen seems to be 
missing from our subset of 60 accessions; however, from our preliminary set of 139 
accessions (Table 1), Ames 23619 may be a representative of this botanical variety, as it is 
considered to be endemic to Bhutan. Subgroup lib does not fit descriptions for any 
previously proposed subspecies. The four varieties of subspecies microcarpum are 
problematic, one of them clusters in Group II and the other three cluster in Group III. 
Table 13. Comparison of 60 coriander accessions from NCRPIS, with infraspecific taxa 
proposed by Diederichsen and Hammer in 2003. 
Accession Subgroup Code for population Subspecies Variety 
Ames 23626 la SUl_Ia indicum pygmaeum 
Ames 18507 lb IN7_Ib indicum indicum Stolet. Diederichsen 
Ames 21101 lb IN9_Ib indicum indicum 
Ames 21104 lb INllJb indicum indicum 
Ames 23633 lb OM2 lb indicum omanense Diederichsen 
Ames 23639 lb OM8_Ib indicum omanense 
Ames 23620 lb P A l I b  indicum indicum 
Ames 23622 lb SYlJb indicum indicum 
Ames 18596 Ic CA2_Ic sativum africanum Stolet. 
PI 193769 Ic E T I I c  sativum africanum 
PI 193770 Ic ET2_Ic sativum africanum 
Ames 26817 Ic ME2_Ic sativum sativum 
Ames 26819 Ic ME4_Ic sativum sativum 
Ames 26822 Ic ME7_Ic sativum sativum 
Ames 18587 Ic NT2_Ic sativum africanum 
Ames 4998 Ic T U l I c  sativum sativum 
PI 171592 Ic TU2_Ic sativum sativum 
Ames 23624 Ha SY2_IIa microcarpum syriacum Diederichsen 
Ames 25696 Ha SY3_IIa microcarpum syriacum 
Ames 20047 lib A R l I I b  intermediate undefined 
Ames 24927 lib AR2_IIb intermediate undefined 
Ames 21655 lib RF6 lib intermediate undefined 
64 
Table 13. (continued). 
Accession Subgroup Code for population Subspecies Variety 
Ames 26816 Ilia ME 1 Ilia microcarpum microcarpum 
Ames 26820 Ilia ME5 Ilia microcarpum microcarpum 
Ames 26829 Ilia ME14_IIIa microcarpum microcarpum 
Ames 18594 Ilia UK3_IIIa microcarpum microcarpum 
Ames 24915 Ilia US4_IIIa microcarpum microcarpum 
Ames 24921 Ilia US7_IIIa microcarpum microcarpum 
Ames 25170 Ilia US 1 l_IIIa microcarpum microcarpum 
PI 256061 Illb A F l I I I b  microcarpum microcarpum 
Ames 20046 Illb A Z I I I I b  microcarpum asiaticum Stolet. 
Ames 24926 Illb AZ2 IIIb microcarpum microcarpum 
Ames 24907 Illb BUl_IIIb microcarpum microcarpum 
PI 478378 Illb CH2_IIIb microcarpum asiaticum 
PI 483232 Illb C H L l I I I b  microcarpum vavilovii (Stolet.) Diederichsen 
Ames 18585 Illb CZ2 IIIb microcarpum asiaticum 
Ames 18563 Illb F R I I I I b  microcarpum asiaticum 
Ames 18564 Illb FR2 IIIb microcarpum microcarpum 
Ames 18565 Illb GE2 IIIb microcarpum microcarpum 
Ames 18586 Illb GE5_IIIb microcarpum microcarpum 
Ames 18591 Illb GE6 IIIb microcarpum microcarpum 
Ames 24923 Illb GEO 1 Illb microcarpum asiaticum 
Ames 20048 Illb KA3 IIIb microcarpum microcarpum 
Ames 18590 Illb P O l I I I b  microcarpum microcarpum 
Ames 18595 Illb R O l I I I b  microcarpum microcarpum 
Ames 18576 Illb RF2 IIIb microcarpum vavilovii 
Ames 18577 Illb RF3_IIIb microcarpum vavilovii 
Ames 18578 Illb RF4 IIIb microcarpum asiaticum 
Ames 18580 Illb RF5 IIIb microcarpum vavilovii 
Ames 13899 Illb T A l I I I b  microcarpum vavilovii 
Ames 13900 Illb TA2_IIIb microcarpum microcarpum 
PI 172808 Illb TU3 IIIb microcarpum asiaticum 
PI 174129 Illb TU4_IIIb microcarpum vavilovii 
PI 174130 Illb TU5_IIIb microcarpum vavilovii 
Ames 18593 Illb UK2_IIIb microcarpum microcarpum 
Ames 24910 Illb USl_IIIb microcarpum asiaticum 
Ames 25168 Illb US9_IIIb microcarpum microcarpum 
Ames 25169 Illb USIOJIIb microcarpum microcarpum 
Ames 24918 Illb US19_IIIb microcarpum asiaticum 
PI 502320 Illb UZ1 IIIb microcarpum asiaticum 
Images of vouchers from accessions representative of the previously described subspecies 
and botanical varieties are shown in Figures IB to 1 IB in Appendix B. 
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Molecular Study 
Marker Characteristics 
The four primer combinations that were used in this study yielded a total of 264 
unambiguously scored markers (Table 14), and size for these markers ranged from 70 to 500 
base pairs. From results of the chi-square test, 137 AFLP markers were selected to be used in 
the preliminary molecular analysis, representing about 52% of the total sample. 
The number of AFLP markers obtained with four primer combinations (Table 14) was in the 
range of reported by other authors. In soybean [Glycine max (L.) Mem], Ude et al. (2003) 
reported 332 AFLP fragments with five primer pairs; Coart et al. (2002) obtained 202 AFLP 
markers with four primer pairs in oak (Quercus spp.); and in smooth bromegrass (Bromus 
inermis Leyss.), a total of 176 polymorphic AFLP markers was produced with seven primer 
combinations (Yasas et al., 2004). In maize landraces, Beyene et al. (2005) reported 650 
AFLP bands from eight primer combinations. 
Table 14. Primer systems used and retained for analysis of AFLPs in coriander populations. 
Primer 
combination 
Primer pair Total 
markers 
Polymorphic 
markers 
Used markers " 
bc EcoRl +3 Primer 31 Ms el Primer 1 83 83 29 
bc £coRI +3 Primer 4/Msel Primer 1 75 75 32 
d £coRI +3 Primer 3/Ms el Primer 2 55 55 52 
d ZxoRI +3 Primer 4/MseI Primer 2 51 50 34 
a T-» t 2 
Total 264 263 (99.( i%) 137 (51.9%) 
a Based on x test 
c Scores from set D were dropped. 
In addition, more than 99% of the AFLP markers were polymorphic in our study. However, 
the number of markers retained for further analysis was reduced markedly after applying the 
test for replicability among the four DNA sets (Table 14). This is a potential disadvantage of 
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bulking DNA, because although this practice saves time, effort and money (Gilbert et al., 
1999; Kôlliker et al., 2001; Guthridge et al., 2001), it may not be optimal for characterizing a 
species such as coriander, which shows broad variation at both the inter- and intra-population 
levels. 
Exploratory Analysis 
Figure 7 shows frequencies for the 137 AFLP markers that were used in this analysis. More 
than 70% of the markers were observed at a high frequency (above 0.72) throughout the 
populations. Low-frequency markers represented only a small proportion of the total 
markers. Similar results were obtained for polymorphism information content (PIC) values, 
because more than 70% of the total AFLP markers used for preliminary analysis had PIC 
values below 0.25 (Figure 8), and PIC values for these AFLP markers ranged from 0 to 
0.498. 
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Figure 7. Distribution of marker frequencies for 137 AFLPs for 60 coriander populations. 
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Figure 8. Frequencies for polymorphism information content (PIC) values for 137 AFLP 
markers retained for 60 coriander populations. 
Definitive Analysis 
Results described in the following paragraphs are based solely on those 80 AFLP markers 
with PIC values above 0.15. 
Polymorphism Information Content (PIC) Values among Populations 
The mean number of alleles within each population over all loci ranged from 87 in FRIIIIb 
to 146 in GEO 1 IIIb population; the Nei diversity index (Nei, 1978) or PIC value within 
each accession ranged from 0.042 in FRI IIIb to 0.398 in MES IIIa (Table 15). There were 
no obvious relationships between PIC values and populations from specific geographical 
regions or from specific phenotypes. 
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Table 15. Mean number of alleles and polymorphism information content in 60 populations 
of coriander, based on 80 AFLP markers. 
Population Mean number of Polymorphism Population Mean number of Polymorphism 
alleles Information 
Content (PIC) 
alleles Information 
Content (PIC) 
F R I I I I b  87 0.042 KA3_IIIb 107 0.165 
S U l I a  90 0.060 CH2 IIIb 107 0.169 
TU l_Ic 90 0.061 NT2_Ic 107 0.165 
TU4 IIIb 91 0.068 AR2 IIb 108 0.172 
US4 Ilia 92 0.070 TU5_IIIb 109 0.165 
M E l I I I a  93 0.080 USllJIIa 109 0.182 
SY2_IIa 93 0.075 OM2 lb 110 0.174 
TU2_Ic 93 0.078 ME 14 Ilia 111 0.193 
U Z l I I I b  93 0.078 RF2 IIIb 111 0.183 
TU3_IIIb 95 0.095 TA2 IIIb 112 0.190 
RF5_IIIb 96 0.103 CZ2 IIIb 114 0.205 
IN9_Ib 97 0.102 BUI IIIb 115 0.205 
UK2 IIIb 97 0.097 AZIJIIb 116 0.220 
UK3_IIIa 97 0.102 GE6_IIIb 116 0.214 
AZ2 IIIb 98 0.115 ME4_Ic 118 0.233 
FR2 IIIb 98 0.113 ETl_Ic 119 0.252 
I N l l _ I b  98 0.110 ME2_Ic 119 0.235 
ARl_IIb 98 0.112 SY3_IIa 119 0.228 
OM8_Ib 98 0.108 RF6_IIb 120 0.237 
R O l I I I b  98 0.111 U S I O I I I b  120 0.230 
FOI IIIb 99 0.116 GE2 IIIb 131 0.291 
CA2_Ic 100 0.120 GE5_IIIb 131 0.326 
C H L l I I I b  100 0.123 TAl_IIIb 132 0.329 
IN7_Ib 100 0.123 ET2_Ic 134 0.334 
RF4 IIIb 100 0.121 A F l I I I b  136 0.336 
P A l I b  105 0.149 US l IIIb 136 0.361 
US7_IIIa 105 0.147 ME7_Ic 137 0.345 
S Y l I b  106 0.166 RF3_IIIb 140 0.365 
US9_IIIb 106 0.164 ME5_IIIa 143 0.398 
US 19 IIIb 106 0.165 GEOl IIIb 146 0.393 
Markers with high frequencies were abundant in this study, and they typically had low PIC 
values. However, marker frequencies reported in this study overestimate actual allelic 
frequencies due to the use of bulked DNA samples and the dominant nature of AFLP 
markers. Bulking, coupled with use of a dominant marker system, leads to overestimates 
because bands absent in one individual can be masked by bands present in other individuals 
used in the same bulk. This overestimate is compounded because we cannot distinguish 
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between dominant homozygous and heterozygous individuals. PIC value is an estimate of 
the polymorphism for a marker locus (Shete et al., 2000; Dubreuil et al., 2003), and PIC 
values range from 0, when a given marker is present in all populations under study, to a 
maximum value of 0.5 (Hongtrakul et al., 1997), when a given marker is present in exactly 
half of the studied populations. Many of the 137 reliable original markers in this study were 
less informative (Figure 8); thus, we retained only those 80 AFLP markers with PIC values 
above 0.15 for definitive analysis. 
At the population level, PIC values can be used to estimate relative differences in the degree 
of heterozygosity for each population. In this study, there was variation for PIC values 
within populations and the mean for them was 0.178, with a range of 0.356, but at least 40% 
of the populations had PIC values below 0.15, suggesting that some coriander accessions 
may be homogenous, either because of their breeding history or because of small sample 
sizes during acquisition or regeneration. Similar studies reporting the PIC values at the inter-
population level could not be located, but lower PIC values are expected for inbred lines or 
for self-pollinated populations than for cross-pollinated populations. PIC values are an 
important estimate of the intra-population diversity; thus, they can be used as a criterion 
when choosing base germplasm for selection in breeding programs in coriander and other 
species. 
Genetic and Geographic Distances 
The minimum pairwise genetic distance, based on modified Rogers' distances, was 0.229 and 
it occurred between the US4_IIIa and FRI IIIb populations. The maximum, pairwise 
genetic distance was 0.793, and it was observed between the TU4_IIIb and ETI Ic 
populations. Population AFIIIIb exhibited the greatest overall, pairwise genetic distances 
in relation to all other populations (Table 3 A, in Appendix A). 
The minimum geographic distance, excepting zeros where multiple accessions were collected 
in the same place, was 3.1 km, and it was registered among mexican populations ME4_Ic, 
ME5_IIIa, and ME7_Ic. The maximum geographic distance was registered between 
populations from Chile and China, CHLl IIIb and CH2 IIIb, respectively; this distance was 
18589.5 kilometers (Table 4A, in Appendix A). 
Based on the Mantel test, the correlation between the modified Rogers' genetic distance 
matrix and the Euclidean (phenotypic) distance matrix was not significant (r = -0.0068). 
Slightly larger, but still non-significant, correlation coefficients were observed for 
correlations between the genetic distance matrix and the geographical distance matrix (r = 
0.0780), and between phenotypic distances and geographical distances (r = 0.0942). 
There was no correspondence among phenotypic, genetic, and geographical distances, and it 
was also notable that there were no pairs in common for maximum and minimum values 
along the three distance matrices (Tables 2A, 3 A and 4A). Tero et al. (2003) also found no 
correlation between geographical and genetic distances, based on AFLP analysis, among 
subpopulations of the perennial herb, Silene tatarica (L.) Pers. Very low correlations (r= -
0.06) have been reported between matrices from AFLP and morphological characters in 
perennial ryegrass varieties (Roldan-Ruiz et al., 2001). However, Gaudeul et al. (2004) did 
report a significant correlation between a genetic distance matrix, based on AFLP markers, 
and a geographical distance matrix for populations of the umbellifer, Eryngium alpinum L. 
We expected to observe a significant correlation between phenotypic and geographical 
distances, based on the assumption that populations of similar origins would display common 
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adaptations and might be selected for similar purposes. An example of this discrepancy can 
be seen in three populations from Mexico: ME4_Ic, ME5_IIIa, and ME7_Ic. These three 
populations were collected within 3.1 km of each other and were all being used for the 
production of the fresh herb. However, ME4_Ic and ME7_Ic were classified in the same 
subgroup (Ic), but ME5_IIIa was classified in completely different group (Ilia) according to 
the Euclidean distance grouping (Figure 5). These same populations were dispersed along 
Group 4, based on the AFLP analysis (Figure 9). In contrast, ME2_Ic displayed a close 
genetic relationship to ME4 Ic, although it was from a slightly more distant collection site 
(5.8 km). Another example can be seen in the population pair displaying the greatest 
geographical distance, those from Chile (CHLl IIIb) and from China (CH2_IIIb). They 
were classified in the same group on the basis of the phenotypic distances. However, they 
were classified into different groups based on the AFLP analysis. 
Cluster Analysis and Phenetic Relationships 
Figure 9 shows phenetic relationships based on AFLP polymorphisms among all 60 
coriander populations. As populations were labeled according to the initial classification 
based on Euclidean distances (phenotypic traits), there is no clear correspondence between 
our grouping based on phenological and morphological traits (Figure 5), which somewhat 
supports the infraspecific classification proposed by Diederichsen and Hammer (2003), and 
one based on AFLP polymorphisms. There are a few notable exceptions. Some populations 
from subgroup IIIb were maintained together as a cluster within the molecular classification, 
as were some populations from Group I and from subgroup Ilia (Figure 9). And with only 
minor exceptions (ME2 and ME4, OM2 and OM8, and RF4 and RF5), we also observed no 
clear relationship between Figure 9 and the geographical origin of the populations. 
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Group 1 
Group 2 
RF2 IIIb 
PA1 Ib 
SY2 Ha 
AR2 lib 
TU3 IIIb 
AR1 lib 
TU5 IIIb 
0M2 Ib 
OM8 Ib 
CA2 le 
CHL1 IIIb 
SY1 Ib 
US 11 111a 
AZ IIIb 
ME14 Ilia 
RF4 Mb 
RF5 Mb 
IN9 Ib 
SU1 la 
IN7 Ib 
TU1 le 
TU2 le 
TU4 Mb Group 3 AZ2 Mb 
ME1 Ma 
FR1 Mb 
US4 Illa 
POl Mb 
UZ1 IIIb 
ROI Mb 
UK2 Mb 
NT2 le 
UK3 Ma 
FR2 Mb 
IN 11 Ib 
US7 Ma 
US9 Mb 
KA3 Mb 
CH2 Mb 
US 19 Mb 
RF6 Hb 
SY3 lia 
ME2 le 
ME4 le 
TA2 Mb 
B U I  M b  
GE6 Mb 
CZ2 Mb 
GEOl Mb 
ME7 le 
RF3 Mb 
US 10 Mb 
GE2 Mb 
TA1 Mb 
GE5 Mb 
ET2 le 
US1 Mb 
ME5 Ma 
A 
> Group 4 
AFl Mb / 
ET1 le y 
Figure 9. Phenetic relationships among 60 populations of coriander, based on modified 
Rogers' genetic distances from AFLP markers. 
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Principal Components Analysis 
Eigenvalues for the first, second, and third principal components were 26.5, 6.5, and 4.4, 
respectively. Together, they explained 46.8% of the total variation in AFLP markers, but few 
distinctions could be observed among population groups (Figure 10) as classified from the 
cluster analysis of phenological and morphological traits. 
Legend 
Group I: subgroups Ia= cube; Ib= star; Ic= pyramid 
Group II: subgroups IIa= square; IIb= club 
Group III: subgroups IIIa= flag; IIIb= balloon 
0.72 
—1.41 
-7.02 
—3.54 -\ 
—8.18 
—4.87 
175 
Figure 10. Three-dimensional distribution for 60 populations of coriander, based on the first 
three principal components from the AFLP analysis. 
Most of the populations from subgroup lb (stars) maintained a compact group; in similar 
way, populations from subgroups lia (square) and lib (club) grouped together; subgroup Ic 
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(pyramid) had the same trend. However, populations from group III, subgroups Ilia 
(pyramid) and IIIb (balloon), were widely dispersed among the first three principal 
components, confirming the cluster analysis. PCA is a useful statistical tool that permits one 
to reduce a large number of original variables to a small number of independent principal 
components (Hardie and Simar, 2003), which explain most of the total variation. 
Phenological traits were very important in contributing to the variation for the first principal 
component, which explained a large amount of the whole variation. 
The importance of the chemical traits was highlighted by their contribution to the variation 
for second and third principal components; Diederichsen (1996a) and Diederichsen and 
Hammer (2003) noted that essential-oil and fatty-acid content were important for defining 
subgroups in their infraspecific classification of coriander. However, there was no clear 
correspondence between grouping from PC for phenotypic and molecular data in our study. 
Analysis of Molecular Variance (AMOVA) 
Table 16 presents the results of an AMOVA for seven initial, phenotypic subgroups defined 
on the basis of the Euclidean distance matrix of morphological and phenological data. 
Variance components were significant for all the three sources of variation: among groups, 
among populations within groups, and within populations, supporting the proposed 
phenotypically-based classification, but only very weakly, as is reflected in the small value 
for the fixation index, FCt- Less than 4% of the total variation in AFLP polymorphisms 
could be explained on the basis of the initial seven groups. Inocencio et al. (2005) detected 
little genetic differentiation in two subspecies of the genus Capparis, on the basis of AFLP 
markers; even those subspecies were morphologically different. 
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Table 16. AMOVA results for 80 loci (AFLP markers). From 60 populations, seven 
subgroups were identified, based on phenotypic Euclidean distances and UPGMA method for 
clustering. 
Source of variation Sum of squares Variance componentsa Percentage variation 
Among groups 197.38 0.44 {FCf=0.0365) 3.65 *** 
Among populations within groups 1101.75 3.18 (F,%M).272) 26.26 *** 
Within populations 1368.08 8.49 (FS1=0.299) 70.08 *** 
Total 2667.22 12.11 
a With corresponding fixation index in parenthesis 
*** pO.OOl 
Results for AMOVA based on geographic classification (Table 17) resembled that of the 
phenotypic classification; again, three variance components were highly significant, 
supporting the classification; but the percentage of variation explained by the among-group 
component was very low as was the fixation index, Fct-
Table 17. AMOVA results for 80 loci (AFLP markers). From 60 populations, seven groups 
were identified, based on geographical distances and UPGMA method for clustering. 
Source of variation Sum of squares Variance components Percentage variation 
Among groups 201.46 0.43 (FCH).035) 3.53 *** 
Among populations within groups 1097.67 3.14 (FSc=0.270) 26.09 *** 
Within populations 1368.08 8.49 (Fsf=0.296) 70.38 *** 
Total 2667.21 12.06 
a With corresponding fixation index in parenthesis 
*** pO.OOl 
Results from AMOVA for a classification based on the modified Rogers' distances and the 
neighbor-joining clustering algorithm are presented in Table 18. These results are also 
similar to those obtained when populations were grouped by phenotypic or geographic 
distances. Components of variance for three sources of variation: among groups, among 
populations within groups, and within populations were highly significant, supporting the 
classification. In this case, percentage of variation due to among-groups component was 
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somewhat higher at 6.71%, with an increased fixation index (Fa); again, the highest 
percentage of variation was due to the within-population component. 
Table 18. AMOVA results for 80 loci (AFLP markers). From 60 populations, four groups 
were identified, based on modified Rogers' distances and Neighbor-Joining method for 
clustering. 
Source of variation Sum of squares Variance components Percentage variation 
Among groups 183.87 0.82 (Fct=0.067) 6.71 *** 
Among populations within groups 1115.27 2.93 (FafO.257) 23.96 *** 
Within populations 1368.08 8.49 (Fyf=0.307) 69.33 *** 
Total 2667.22 12.24 
a With corresponding fixation index in parenthesis 
*** pO.OOl 
Classifications based on phenotypic, molecular, and geographical distances were supported 
by AFLP analysis, according to the AMOVA results, but percentage of variation among 
groups was very low in those classifications, as were the fixation indices (Tables 16, 17, and 
18). These findings stand in contrast to those for cultivated and wild carrot, where no 
significant structure was detected by using AFLP and ISSR markers (Bradeen et al., 2002). 
However, other studies had similar findings to our results, with a high percentage of variation 
detected among populations within groups, but with the highest percentage of variation 
within populations; for instance, similar results for AMOVA were reported in three other 
allogamous plants: Silene tatarica (Tero et al., 2003), hardingrass (Phalaris aquatica L.) 
(Rouf Mian et al., 2005), and nordic meadow fescue (Festuca pratensis Huds.) (Fjellheim 
and Rognli, 2005). Alternatively, in an AMOVA analysis for two self-pollinated species of 
Stylosanthes Sw., Sawkins et al. (2001) reported more variation among groups, rather than 
within groups. Similarly, Cardoso et al. (2000) mentioned inbreeding as a cause for low 
within-population variation in heart-of-palm (Euterpene edulis Mart.). It is clear that 
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inbreeding leads to an increase in variance between lines and a decrease in variance within 
them (Falconer and MacKay, 1996). These findings collectively suggest that coriander 
conforms more closely to expectations of allogamous species than to autogamous ones, 
supporting past studies of its breeding system (Purseglove et al., 1981; Sethi, 1981; 
Wrôblewska, 1992; Diederichsen, 1996a). 
In a more general sense, clusters and PCA patterns formed on the basis of AFLP markers 
show no direct correspondence to any previous infraspecific classifications. A possible 
explanation for the lack of congruity among phenotype, geography, and genetics in coriander 
populations is the fact that the spice (which can include viable seeds) has long been traded 
around the world in an ongoing "germplasm exchange" among distant countries and even 
among continents (Diederichsen, 1996a). The results of AMOVA also indicate that 
coriander populations generally display only weak genetic differentiation, as based on AFLP 
polymorphisms. Thus, genetically heterogenous germplasm has been, and likely continues to 
be widely, shared. Furthermore, people at different and distant places have been selecting for 
specialized, but similar traits, from this heterogenous, dynamic, and environmentally plastic 
genetic background and relatively few genes may control the traits of interest, in contrast to 
our more extensive sampling of AFLP loci. 
This leads us to conclude that formal, botanical infraspecific classification in coriander, 
based on phenological, morphological, and chemical traits, is not supported by this line of 
molecular evidence. However, it is important to emphasize that a utilitarian grouping of 
coriander cultivars still has great value for users, such as farmers, agronomists, plant 
breeders, and traders, even if there is no clear support for a botanical classification at the 
infraspecific level. The International Code of Nomenclature for Cultivated Plants (ICNCP), 
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recognizes that there are taxonomic units, that have no formal taxonomic value in botany, but 
that have importance in practical classification related to agriculture. Those units can be 
named as Groups, which can be defined as "a formal category denoting an assemblage of 
cultivars, individual plants, or assemblages of plants on the basis of defined similarity"; even 
so, there is the possibility for any of those units to belong to more than one group (Brickell et 
al., 2004). 
Conclusions 
In summary, we can conclude that the phenotypic classification from this study differs 
somewhat from the infraspecific classification made by Diederichsen and Hammer (2003) in 
coriander and that AFLP markers did not support any previous phenotypic classification. In 
addition, multiplexing AFLP reactions seem to be good option to characterize coriander and 
other collections at germplasm banks. In spite that advantages of bulking samples for 
molecular characterization have been reported for different species (Gilbert et al., 1999; 
Guthridge et al., 2001; Kôlliker et al. 2001; Mellish et al., 2002; Jansen et al., 2005), bulking 
DNA could be not a good option if populations under study are highly heterogeneous, as it 
was observed in coriander. 
A possible explanation to the incongruence between phenotypic and genetic classifications in 
coriander in this study, is that coriander is a relatively young crop species (Diederichsen, 
1996a), sometimes considered as a secondary crop, retaining many characteristics of ruderal 
plants, such as indeterminate flowering, differential seed maturity, fruit shattering, and 
uneven seed germination. The effects of human selection, under various environmental 
conditions, are observable at the phenotypic level, but selection may be operating upon 
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relatively few genes for too short a time, limiting completion of the genetic assimilation 
process (Schlinchting, 2004). Another possible cause for this incongruence between 
phenotypic and genetic classifications is the wide exchange of coriander fruit as a spice 
around the world and the relatively recent introduction of this species into America, 
maintaining a relatively common genetic background among populations. In these ways, no 
clear differentiation can be seen among coriander populations at the molecular level, even 
when a clear differentiation can be observed at the phenotypic level. 
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Abstract 
As a complement to a phenotypic and molecular characterization of coriander (Coriandrum 
sativum L.) germplasm collections, gas chromatography/mass spectrometry analyses were 
conducted on 60 accessions from the North Central Regional Plant Introduction Station in 
Ames, IA. Volatile compounds from leaves and essential oils and fatty acids from seeds 
were evaluated and subjected to analyses of variance. Euclidean distances based on seed 
essential-oil and fatty-acid profiles were estimated, and cluster analyses and principal 
component analyses (PCA) were performed on the Euclidean distance matrices. Mantel tests 
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were conducted to compare these distance matrices with phenotypic, geographic, and 
molecular-marker (AFLP) distance matrices from the same accessions. Analyses of 
molecular variance (AMOVA) based on the AFLP markers were also applied to groupings 
derived from the seed essential-oil and fatty-acid profiles. The primary volatile compounds 
from the seed essential oils and nearly all fatty acid components were identified and their 
abundance estimated; linalool was the most abundant essential-oil constituent and 
petroselenic, the main fatty acid. Analyses of the individual data sets for seed essential oils 
and fatty acids yielded different clusters and PCA patterns. However, a combined data set 
resulted in the most clearly defined pattern, consisting of five clusters, and those clusters 
were supported by PCA. The primary chemical constituents of those five clusters are 
described herein. Based on Mantel tests, weak correlations were found among matrices from 
biochemical properties with those from geographical, phenotypic, and molecular data. 
Groups formed on the basis of the combined biochemical data set were supported by 
molecular evidence, as the among-group component was significant with AMOVA; however, 
the proportion of the variation due to this component was only -6%, contrasting with -25% 
of the variation due to among populations within groups and -69% of the variation due to the 
within-population component. This pattern reflects weak differentiation among groups, as 
was confirmed with values for fixation indices. These results lead us to conclude that 
coriander germplasm collections are relatively well differentiated biochemically, but 
generally share a similar genetic background, which may be due to its allogamous breeding 
system, wide range of adaptation, and repeated movement of seeds among human cultures. 
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Introduction 
Coriander (Coriandrum sativum L.), an annual member of the Apiaceae, is recognized for the 
use of its aromatic leaves as a vegetable or flavoring in Asia, Central and South America, 
China, India, and the Middle East (Purseglove et al., 1981; Potter and Fagerson, 1990). 
However, the most important use of this plant species worldwide is its fruit, which is traded 
as a spice for direct use in both ground and whole forms and for essential-oil extraction by 
steam distillation. The residues from distillation can be used for livestock feed, and the fatty 
acids in its seed oil have potential uses as lubricants (Purseglove et al., 1981); furthermore, 
cleavage of the unusual double bond in petroselenic acid, the main fatty-acid constituent of 
its seed oil, leads to the production of lauric acid to obtain surfactants and edible products, 
and adipic acid for nylon synthesis (Kleiman and Spencer, 1982; Isbell et al., 2006). 
Plant aromas are typically comprised of small organic molecules with high vapor pressures 
that volatilize easily when exposed to the air (Pichersky, 2004). These secondary metabolites 
may be produced in various plant organs and can confer ecological advantages related to 
pollination or protection from pathogens (Pichersky and Gang, 2000). 
Two metabolic pathways are important for the synthesis of the terpene compounds that are 
among the most common aromatic plant volatiles (Pichersky et al., 2006). Terpene synthase 
enzymes direct the formation of hemi-, mono-, sesqui-, and diterpene volatiles from the 
isoprenoid pathway in plants; other volatile terpenes are derived from the cleavage of 
carotenoids (Pichersky et al., 2006). Enzymes responsible for these volatile compounds can 
catalyze similar reactions on multiple substrates (Pichersky et al., 2006). Natural mixtures of 
plant volatiles can be quantitatively studied by means of gas chromatography (GC) by 
separation of constituents on a stationary phase, which is represented by a column, and a 
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mobile phase, which is represented by the carrier gas. This separation is reached by a series 
of equilibrium operations (Grob, 2004; Pichersky, 2004), based on the differential in 
retention times for the various constituents. 
Studies have been carried out in coriander to identify the most common volatiles present in 
essential oils from leaves and fruits. Potter and Fagerson (1990) distilled essential oil from 
coriander leaves and analyzed it by GC; they reported 41 volatile compounds, with alkanals 
and 2-alkenals in the C9-C16 range, 2-alkenols in the Cio-C# range, 17 related aliphatic 
aldehydes and alcohols, nonane, and four unidentified compounds; concluding that certain 
alcohols (16.6%) and aldehydes (82.6%) are responsible for the characteristic flavor of 
coriander leaves. Aldehyde (E) 2-decenal was the dominant compound (46.1%), and 
aldehydes with antifungal properties, such as 10-decenal, and 2-nonenal, 2-decenal, and 2-
undecenal were also identified (Potter and Fagerson, 1990). Potter (1996) distilled essential 
oil from coriander leaves at five different stages of plant growth. He found no qualitative 
differences in essential oil composition, but quantitative differences were found throughout 
the ontogenic stages, with (E) 2-decenal, which is considered as potent irritant, increasing as 
growth changed from vegetative to the formation of floral buds. This may explain why 
coriander is typically harvested before flowering, when fresh leaves are the final product 
(Potter, 1996). 
Eyres et al. (2005) used a gas chromatography-olfactometry (GCO) method and 
comprehensive two-multidimensional gas chromatography-time-of-flight mass spectrometry 
(GC x GC-TOFMS) to analyze essential oils distilled from coriander leaves, and they found 
alcohols and aldehydes to comprise 55.6% and 38.3%, respectively. GC x GC-TOFMS 
allowed the identification of 42 compounds not previously reported in coriander. These 
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authors concluded that GCO in combination with GC x GC-TOFMS is a valuable approach, 
improving the identification of key aromatic compounds in complex essential oil samples. In 
a headspace analysis of volatiles from coriander, and using CaCla as medium to homogenize 
leaf samples at 55 °C, Fan and Sokorai (2002) reported decanal (51.5%) and (E) 2-decenal 
(31.6%), as the primary essential oils from leaves. This is the unique source that reports the 
use of headspace method in analysis of volatiles from leaf in coriander; however, temperature 
applied and the liquid medium could affect the composition of volatiles detected. 
The essential oil extracted from coriander seeds is considered among the 20 most important 
essential oils in the world market (Lawrence, 1992). The commercial value of coriander-
seed oil depends on its physical properties, chemical composition, and aroma (Smallfield et 
al., 2001). The essential-oil content of the dried fruits can vary from very low at 0.03% to a 
maximum reported of 2.7% (Purseglove et al., 1981; Bandara et al., 2000). 
The essential oil extracted from coriander seeds is quite different than that found in the 
leaves. Linalool is the main volatile compound in seeds, typically constituting more than 
50% of the total oil. Other important constituents (generally present at 1-10% levels) include 
y-terpinene, camphor, geranyl acetate, geraniol, a-pinene, limonene, bomeol, camphene, and 
myrcene (Purseglove et al., 1981; Formâcek and Kubeczka, 1982; Kerrola and Kallio, 1993; 
Frank et al., 1995; Pino et al., 1996; Diederichsen, 1996; Jeliazkova et al., 1997; Bandoni et 
al., 1998; Baratta et al., 1998; Misharina, 2001; Smallfield et al., 2001; Gil et al., 2002). 
Essential oil concentration and composition depend on the genetic characteristics of the 
cultivar (Purseglove et al., 1981; Kalra et al., 2003; Lôpez et al., 2006), maturity at harvest 
(Lawrence, 1992), and environmental factors, such as site-specific characteristics (Angelini 
et al., 1997; Arganosa et al., 1998; de la Fuente et al., 2003), planting dates (Kalra et al., 
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2000; Lôpez et al., 2006), herbicide usage (Zheljazkov and Zhalnov, 1995) drying 
procedures, and storage conditions and duration (Purseglove et al., 1981). 
Fruit weight, degree of fruit crushing, extraction method, and extraction time all have 
significant effects on total yield and quality of essential oil (Kerrola and Kallio, 1993; Frank 
et al., 1995; Anistecu et al., 1997; Bandara et al., 2000; Illés et al., 2000; Smallfield et al., 
2001). Grinding or crushing of fruit prior to hydro-distillation improves essential-oil 
recovery rate, total essential-oil yield and linalool yield (Bandara et al., 2000; Smallfield et 
al., 2001). Interestingly, positive correlations between seed yield and essential-oil yield have 
been reported (Kalra et al., 2003; Lopez et al., 2006) and higher essential-oil yields have 
been detected under unfavorable environments (de la Fuente et al., 2003). 
Due to the presence of long chain alcohols and aldehydes (Ce-Cio), and linalool in essential 
oil from leaves and fruits, respectively, some antibacterial (Baratta et al., 1998; Delaquis et 
al., 2002), antioxidant (Baratta et al., 1998; de Almeida et al., 2002; Yepez et al., 2002; Kubo 
et al., 2004; Barbosa et al., 2005), and antifungal properties (Potter and Fagersen, 1990) have 
been studied in coriander essential oils; although there are contradictory reports for 
antibacterial properties under specific conditions (Gill et al., 2002). Because of those 
properties, it is possible that the first use of the fruits was probably as a spice for food 
conservation (Diederichsen, 1996). 
Fatty acids are also important components of coriander seeds. Based on the conversion of 
fatty acids to methyl esters (FAME), the main fatty acids detected in coriander were 
petroselenic, linoleic, palmitic, and stearic acids (Ramadan and Morsel, 2003). Coriander 
seeds contain unusual monoenoic petroselenic acid, which is rare in most commercial 
oilseeds but common in the Apiaceae, and generally constitute 70 to 85% of the total fatty 
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acids of coriander seed oil (Kleiman and Spencer, 1982; Ross and Murphy, 1992; van Soest, 
1992; Cahoon and Ohlrogge, 1994a; Cahoon and Ohlrogge, 1994b; Suh et al., 1999). A 
specific site for the synthesis of petroselenic acid has been identified in coriander seeds 
(Mekhedov et al., 2001), with lipid deposition mainly in the endosperm (Ross and Murphy, 
1992). Multiple acyl-carrier-protein isoforms may participate in determining the products of 
fatty-acid biosynthesis (Suh et al., 1999) and other studies on the process of fatty-acid 
synthesis in coriander have also been conducted (Cahoon and Ohlrogge, 1994a; Cahoon and 
Ohlrogge, 1994b). 
Although hundreds of volatile compounds are produced in aromatic plants, relatively few are 
typically responsible for the characteristic aroma or flavor (Goff and Klee, 2006) and even 
fewer are generally used to define chemotypes. A chemotype can be said to be well-defined 
when the characteristic compound exceeds 40% of the compound class in the genotype (van 
der Hendricks et al., 1990). However, is possible to identify genotypes with distinctive 
aroma even at lower concentration. Chemical profiles of volatile compounds can be useful 
tools for establishing systematic relationships among plant populations. However, it is 
important to note that these secondary metabolites are most useful in taxonomic classification 
only when other factors, such as environmental conditions, plant development, and extraction 
methods, are carefully standardized (Vieira et al., 2001; Pichersky et al., 2006). For 
example, Senalik and Simon (1987) observed differences between the root and foliage of 
carrot (Daucus carota L.) genetic stocks in the concentration of many volatile terpenoids. 
Potter (1996) reported quantitative differences in volatiles, especially (E) 2-decenal, during 
leaf development in coriander. A few pertinent examples of well-standardized 
chemotaxonomic studies based on volatile compounds follow. 
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In 11 accessions of Hypericum perforatum L., Radusiene et al. (2005) identified 30 
components in essential-oil samples from flowers and leaves. These components included 
oxygenated mono-, sesqui-, and diterpenes and oxygenated aliphatics. Cluster analysis was 
used to reveal similarities in the composition of oil from flowers and from leaves, because 
accessions were grouped similarly in both dendrograms. 
Essential oils from nine cultivars and two hybrids of mandarin {Citrus genus) were analyzed, 
with more than 98% of the essential oil assigned to known compounds. Minor components, 
such as a-thujene, a-pinene, and sabinene, were useful in distinguishing among cultivars 
(Merle et al., 2004). 
On the basis of analyses of the volatile oils from 18 individual leaf samples of Piper 
lanceaefolium H.B.K. from three different localities, three groups were well defined by 
principal components analysis (PCA) and confirmed by cluster analysis (CA), but no 
relationship was found between geographical origin and patterns of chemical variability 
(Mundina et al., 2001). 
Inflorescences of tansy (Tanacetum vulgare L.) were collected from 20 habitats in Lithuania 
and their essential oil extracted and analyzed by GC; 57 compounds were identified 
comprising 80.7 to 99.6% of the oil. By means of PCA and CA, four groups were defined, 
based on the main chemical compound (Judzentiene and Mockute, 2005). Essential oils were 
distilled from the needles of 68 individual plants of Juniperus phoenicea L. var. turbinata 
(Guss.) Pari. Nyman; 68 components were identified by GC analysis, representing 86.9 to 
99.8% of the total oil. Those plants were classified into three clusters and together with 
PCA, four essential-oil chemotypes were established (Cavaleiro et al., 2001). Similarly, 
essential oils extracted from mature leaves from Thujopsis dolabrata Sieb. et Zucc. from 
Japan, were analyzed by GC, and nine main compounds were identified. Thujopsis 
populations were classified into three groups, based on their diterpene hydrocarbon 
constituents (Takahashi et al., 2001). 
Not all cases are so clear-cut. Based on a GC essential-oil analysis of 141 individual alpine 
thyme plants (Thymus praecox Opiz ssp. polytrichus (Kern, ex Borb.) Ronn.), Bischof-
Deichnik et al. (2000) found a wide range of chemical polymorphisms, detecting at least 12 
different oil types without relationship to geographical origin. They concluded that the 
complex combinations of essential oils within this subspecies did not permit the 
identification of distinct chemotypes. 
The interrelationships among phytochemical, morphological, and genetic variation have also 
been studied. Essential oil from flowers of 20 genotypes of tansy was analyzed by GC, and 
55 volatile compounds were found with 53 identified (Keskitalo et al., 2001). Fifteen of 
these genotypes fit well-defined chemotypes, and the other five were considered as "mixed" 
or hybrid chemotypes. Keskitalo et al. (2001) observed a high correlation (r2 = 0.407) 
between their genetic distance matrix, based on random amplified polymorphic DNA 
(RAPD) and their chemical distance matrix, suggesting that differences in terpenoid 
composition could be related to the differential activation of specific enzymes and indirectly 
to molecular-marker polymorphisms. Adams (2000) used the composition of essential oils 
from needles of plants from Juniperus section Sabina together with morphological data and 
RAPD analyses, to support the designation of four botanical varieties as distinct species. At 
the infraspecific level six distinct morphological types were described in the basil species, 
Ocimum gratissimum L., and 17 constituents were identified from essential oils extracted 
from these types. PCA analysis based on essential-oil constituents ordered accessions into six 
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groups, which corresponded to the six morphological types. Three broad chemotypes were 
identified, which were then supported by molecular evidence from RAPD markers (Vieira et 
al., 2001). 
In contrast to widespread usage of essential oils in plant systematics, fatty-acid profiles are 
somewhat less commonly applied to the study of infraspecific variation in plants, but have 
been used widely in elucidating taxonomic relationships in microorganisms (Embley et al., 
1987; Guezennec and Fiala-Medioni, 1996; Baird et al., 2000). Some notable examples of 
the use of fatty-acid analyses to study variation in plants include a study on eight accessions 
of white mustard (Sinapis alba L.) in which RAPD demonstrated existence of genetic 
variability among accessions, as well as among and within populations within accessions, 
and a relationship was found between genotypes and the content of erucic acid (Granot et al., 
1996). Seller and Brothers (1999) detected wide variation in oil concentration and fatty acid 
composition between two wild annual and four wild perennial sunflower species 
(Helianthus); in addition, they found differences within studied wild species. Searching for 
chemotaxonomic relationships among some species belonging to the Cruciferae family, 
Miller et al. (1965) reported uniformity in fatty-acid composition for some genera, but 
variability for other genera and even within-species was reported. Similar results were 
reported for the genera Cuphea (Wolf et al., 1983; Graham and Kleiman, 1985; Graham, 
1989), Diplusodon Pohl (dos Santos and Salatino, 1997), and for Lesquerella, and Physaria 
(Salywon et al., 2005) with variation in oil composition among and within species. Methyl 
esters of fatty acids from seed oils of representatives of the tropical family Vochysiaceae 
were analyzed and showed low infraspecific variation but were reported to have potential for 
good taxonomic resolution below the sectional level (Mayworm and Salatino, 2002). On the 
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other hand, based on fatty-acid and glucosinolate data from 60 seed samples of oilseed turnip 
(Brassica rapa L. var. oleifera DC), Davik and Heneen (1993) identified four different 
groups, but they could not differentiate cultivars within groups. 
The coriander germplasm collection conserved at the North Central Regional Plant 
Introduction Station (NCRPIS) in Ames, IA, includes more than 200 diverse accessions from 
various countries. A subset of this collection has been characterized at the phenotypic and 
molecular levels (Lôpez et al., 2006). The primary goal of this study, therefore, was to 
characterize the biochemical diversity of the same subset of coriander accessions conserved 
at the NCRPIS, by analyzing essential oils and fatty acids extracted from the seeds along 
with volatile compounds from leaves. As a secondary goal, we wished to determine whether 
these traits could be used to define chemotypes and then test relationships between 
chemotypes and geographical origins and between chemotypes and groupings of coriander 
populations (Lopez et al., 2006) established on the basis of phenotypic and genetic analyses. 
Materials and Methods 
Plant material 
Sixty coriander accessions (Table 1) from the NCRPIS were grown in a field evaluation 
during spring-summer 2003. The experimental plot was located at the NCRPIS farm (42° 00' 
34.794" North and 93° 39' 41.376" West, at 243 meters above sea level (masl)). Two 
planting dates were employed, the first on April 23rd and the second on May 19th. The 
experimental design was a complete randomized block design with two replications for each 
planting date. For the purposes of this study, each accession is considered as an individual 
population. 
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Table 1. List of coriander accessions grown in spring-summer 2003 in Ames, Iowa. 
Accession Country of origin Code LATDEC LONDEC ELEV 
(masl) 
PI256061 Afghanistan AF1 Illb 34.517 69.183 1808 
Ames20048 Kazakhstan KA3 Illb 42.417 69.833 632 
Ames20046 Azerbaijan AZ1 Illb 40.371 49.893 -28 
Ames24907 Bulgaria BUI Illb 42.150 24.750 163 
Amesl8596 Canada CA2 Ic 53.550 -113.500 643 
PI483232 Chile CHL1 Illb -33.450 -70.667 522 
PI478378 China CH2 Illb 44.533 17.667 1130 
Amesl8585 Czech Republic CZ2 Illb 49.200 16.633 212 
PI193769 Ethiopia ET1 Ic 9.100 37.250 2143 
PI193770 Ethiopia ET2 Ic 9.100 37.250 2143 
Ames24923a Georgia GEOl Illb 42.179 43.519 NA 
Ames24926a Azerbaijan AZ2 Illb 40.290 47.536 NA 
Ames24927a Armenia AR2 lib 40.290 44.942 NA 
Amesl8563 France FR1 Illb 49.183 -0.350 5 
Amesl8564 France FR2 Illb 47.467 -0.550 40 
Ames 18565 Germany GE2 Illb 52.517 13.400 34 
Amesl8586 Germany GE5 Illb 52.517 13.400 34 
Amesl8591 Germany GE6 Illb 52.067 8.367 200 
Ames 18507 India IN7 lb 28.667 77.217 215 
Ames21101a India IN9 lb 22.909 79.591 NA 
Ames21104a India IN11 lb 22.909 79.591 NA 
Ames20047 a Armenia AR1 lib 40.290 44.942 NA 
Ames26816 Mexico MElJIIa 19.283 -98.438 2200 
Ames26817 Mexico ME2 Ic 19.283 -98.438 2200 
Ames26819 Mexico ME4 Ic 19.252 -98.482 2200 
Ames26820 Mexico ME5 Ilia 19.258 -98.453 2200 
Ames26822 Mexico ME7 Ic 19.258 -98.453 2200 
Ames26829 Mexico ME14 Ilia 19.042 -98.208 2200 
Ames 18587 Netherlands NT2 Ic 51.967 5.667 14 
Ames23633 Oman OM2 lb 22.917 57.250 509 
Ames23639 Oman OM8 lb 22.967 57.300 545 
Ames23620 Pakistan PA1 lb 29.633 67.917 210 
Amesl8590 Poland POl Illb 52.250 21.000 94 
Ames 18595 Romania ROl Illb 47.167 27.600 84 
Amesl8576 Russian Federation RF2 Illb 59.894 30.264 5 
Ames 18577 Russian Federation RF3 Illb 59.894 30.264 5 
Amesl8578 Russian Federation RF4 Illb 59.894 30.264 5 
Ames 18580 Russian Federation RF5 Illb 59.894 30.264 5 
Ames21655a Russian Federation RF6 lib 44.356 61.930 NA 
Ames23626 Sudan SU1 la 9.487 31.038 369 
Ames23622 Syria SY1 lb 36.367 37.517 580 
Ames23624 Syria SY2 Ha 34.733 36.717 630 
Ames25696b Syria SY3 Ha 33.500 36.300 697 
Amesl3899 Tajikistan TA1 Illb 38.089 70.012 1212 
Ames 13900 Tajikistan TA2 Illb 38.089 70.012 1212 
Ames4998a Turkey TU1 Ic 39.053 35.191 NA 
PI171592 Turkey TU2 Ic 39.983 41.683 1774 
PI172808 Turkey TU3 Illb 41.183 41.817 386 
PI174129 Turkey TU4 Illb 39.017 43.350 1669 
PI174130 Turkey TU5 Illb 38.500 43.383 1727 
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Table 1. (continued). 
Accession Country of origin Code LATDEC LONDEC ELEV 
(masl) 
Ames 18593 United Kingdom UK2 Illb 51.870 0.695 30 
Amesl8594 United Kingdom UK3 Ilia 51.870 0.695 30 
Ames24910 United States of America US1 IIIb 34.283 -119.149 47 
Ames24915 United States of America US4 Ilia 34.283 -119.149 47 
Ames24921 United States of America US7 Ilia 34.283 -119.149 47 
Ames25168 United States of America US9 IIIb 42.035 -93.620 290 
Ames25169 United States of America US 10 IIIb 42.035 -93.620 290 
Ames25170 United States of America US 11 Ilia 42.035 -93.620 290 
PI502320 Uzbekistan UZ1 IIIb 40.433 67.967 273 
Ames24918 United States of America US 19 IIIb 34.283 -119.149 47 
LATDEC= Latitude in decimals; LONDEC= Longitude in decimals; ELEV= elevation in meters above sea level. 
a Geographical coordinates for these accessions were estimated based on the centroid for each country. 
b Gas Chromatography (GC) analysis for this accession was not run. 
NA= Data not available. 
Leaf Gas Chromatography (GC) Analysis 
Before anthesis, four to five plants with fully expanded basal leaves were sampled from each 
field plot. Each day, an average of eight samples was collected. Samples were kept in 
sealed, reclosable polyethylene bags, which were placed into a cooler over ice for transport. 
The interval between sampling and arrival at the laboratory was no more than one hour. 
Once in the laboratory, bags were temporarily held in a refrigerator at 4 °C, until GC 
analysis. GC analysis was carried out only for plants sampled that same day. 
Samples were analyzed by headspace with solid-phase microextraction (SPME) (Supelco, 
Inc., Bellefonte, PA, USA) technology, as described by Crook et al. (2004). SPME captures 
volatile compounds from headspace on fibers coated with a solid sorbent (Supelco, 1998). 
Leaves were chopped with a commercial vegetable chopper (Deluxe Chopper Model 106848; 
General Electric, Bentonville, AR), and 7 g of fresh tissue were immediately transferred to a 
100 ml headspace bottle. The bottle was sealed with an aluminum pressure-release seal 
PTFE/Silicone liner 20 mm (Supelco, Inc.) and heated in a stirred water bath at 40 °C for 45 
min. An SPME fiber 2 cm 50/30 gm divinylbenzene/carboxen/poly(dimethylsiloxane) 
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(Supelco, Inc.) was inserted into the bottle for the headspace sampling. After 45 min, the 
fiber was removed from the bottle, and the sample was injected into a Hewlett Packard 
HP6890 Gas Chromatograph (Hewlett-Packard, Inc., Wilmington, DE) with splitless 
injection port and a flame ionization detector. Conditions for gas chromatography analysis 
were as follow: the front inlet was in splitless mode at an initial temperature of 220 °C, with 
pressure of 124 kPa and a purge flow of 28 ml/min for 3 min, with a total flow of 36.5 
ml/min and gas saver on, with saver flow at 20.0 ml/min for 2 min, using helium as the 
carrier gas. Volatile compounds were desorbed onto a fused-silica capillary column (SPB-
1000, 30 m x 0.25 mm x 0.25 (xm film thickness; Supelco, Inc.). The column pressure was 
124.0 kPa, with a nominal initial flow of 5.7 ml/min, and an average velocity of 117 cm/sec. 
The initial oven temperature was 30 °C, which was maintained for the first 3 min, then 
increased to 80 °C at a rate of 5 °C/min, to 190 °C at a rate of 4 °C/min, with a maximum 
temperature of 320 °C and 3 min as equilibration time. The total run time was 41.5 min. The 
front detector temperature was 220 °C, in a mode of constant makeup flow at 25.0 ml/min, 
with nitrogen as the makeup carrier gas. 
Seed Essential-Oil GC Analysis 
At seed maturity, a sample of 10 plants from the two central rows was taken from each plot; 
a second sample including all remaining plants from the central rows was also harvested and 
retained in case of lost or insufficient fruits from the main sample. Samples were air-dried at 
32 °C, threshed, and cleaned; 70 g of dried, cleaned fruits were ground in a One-Touch 
Coffee Grinder Model 106854 (General Electric) and used to extract the essential oil by 
hydrodistillation, following the protocol established by the Association of Official 
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Agricultural Chemists (AOAC) (Woodbury, 2000), with some modifications. The distilling 
apparatus was constructed with a round long neck flask 24/40 joint 6/CS (Daigger & Co., 
Inc., Vernon Hills, IL), a Clevenger apparatus type trap with a 24/40 outer joint at top and an 
inner joint of same size at bottom (Wilmad Labglass, Buena, NJ), and a condenser Liebig 
24/40 inner joint (Daigger & Co., Inc.). 
The concentration of essential oil in percentage (EOCP), based on volume/weight, was 
calculated with the formula (Woodbury, 2000): 
EOCP = (V a /W s )x  100 
Where: 
V0= volume of oil collected in the trap of the Clevenger apparatus, in milliliters. 
Ws= weight of the extracted portion, in grams. 
Extracted essential oil was placed into amber screw-thread 4 ml glass vials for auto samplers 
(National Scientific, Rockwood, TN) and sealed; those samples were kept in a freezer at -20 
°C until GC analysis. 
For GC analysis, hexane (Sigma-Aldrich) was used as the solvent, and a 1:4 dilution was 
prepared by mixing 500 p.1 of extracted essential oil with 1,500 pi of hexane, in a wide-
opening target 2 ml, 12 * 32 mm vial, from National Scientific. GC analyses of samples 
were run in a Hewlett Packard HP6890 Gas Chromatograph (Hewlett-Packard, Inc.), with 
auto sampler, by injecting 1 p.1 of diluted sample. The front inlet was in split mode at an 
initial temperature of 220 °C, with a pressure of 124 kPa and a split ratio of 10:1. The split 
flow was 19.0 ml/min, with total flow of 23.7 ml/min, with gas saver on and saver flow of 
20.0 ml/min for 2 min, with helium as the carrier gas. Desorption of volatile compounds was 
done onto a fused-silica capillary column (SPB-1000, 30 m x 0.25 mm x 0.25 pm film 
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thickness (Supelco, Inc.)). Column pressure was a constant 124.0 kPa, with nominal initial 
flow of 1.9 ml/min and an average velocity of 39 cm/sec. The initial oven temperature was 
30 °C, which was maintained for the first 3 min, then increased to 95 °C at a rate of 10 
°C/min, to 175 °C at a rate of 4 °C /min, to 190 °C at a rate of 10 °C /min, with a maximum 
temperature at 320 °C and 3 min as equilibration time. The total run time was 41.5 min. The 
front detector temperature was 220 °C, with hydrogen flow of 30.0 ml/min and air flow of 
400.0 ml/min, in a mode of constant makeup flow of 25.0 ml/min, with nitrogen as the 
makeup carrier gas. 
The primary volatile compounds were identified by GC-Mass Spectrometry (MS) and 
confirmed by using authentic standards from Sigma-Aldrich (Milwaukee, WI). A Micromass 
GCT gas chromatograph-mass spectrometer (Waters Corp., Milford, MA) with a time-of-
flight mass analyzer was used to confirm compound identities. Samples were desorbed into 
the GC injection port in a split mode (100:1). The initial temperature was 38 °C for 1 min, 
the temperature then increased from 38 °C to 150 °C at a rate of 4 °C /min, and then from 150 
°C to 280 °C at a rate of 50 °C/min. The mass spectrometer conditions were set as follows: 
electron ionization positive (EI+) polarity, source electron energy at 70 eV, source electron 
current at 200 pA, ion source temperature at 180 °C, source ion repeller at 0.8 V, electron 
multiplier voltage at 2700 V, scan range from m/z 41 to 400, at a frequency of scanning cycle 
every 0.75 s. 
Retention indices and chemical characteristics were obtained from Flavor Works (1997-
2000) Version 2.01 (Flavometrics, Inc., Anaheim Hills, CA). Retention indices were 
obtained from Flavomet (Acree and Am, 2004). 
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Fatty-acid Profile 
Analysis of fatty acids was performed by personnel from the laboratory of Dr. Terry Isbell, 
USDA-ARS, NCAUR, in Peoria, IL. Preparation of 2-ethyl-l-hexyl esters for GC analysis 
was done as proposed by Isbell et al. (2006): coriander seeds (5 seeds) were placed in a 7.78 
g vial with 2 ml of hexane and crushed with a glass rod. The crushed seeds in hexane 
solution were placed on a heating block set at 40 °C to extract the oil from the seeds. After 
one hour, the hexane was drawn off the crushed seeds, placed in a 2 ml crimp-top vial, and 
the hexane removed under a stream of nitrogen. The residual oil was left in the vial, and 0.5 
ml of 1 M H2SO4 in 2-ethyl-1 -hexanol was added. The vial was then sealed with an 
aluminum crimp cap and placed in a 40°C heating block. After 15 min, the vial was 
removed, and 0.5 ml of pH 5 buffer (12.9 g of NaHaPCU in 100 ml of water) was added. The 
resulting mixture was extracted three times in 0.5 ml of hexane, and the combined hexane 
extract was passed through a silica plug (1 cm height of silica gel 60 A (Sigma-Aldrich) in a 
Pasteur pipette that was plugged with glass wool to retain the silica) to remove residual 2-
ethyl-1-hexanol. 
GC was performed with a Hewlett-Packard 5890 Series II gas chromatograph (Palo Alto, 
CA), equipped with a flame-ionization detector and an autosampler/inj ector. Analyses were 
conducted on a SP-2380 column (30 m % 0.25 mm % 0.2p.m film thickness; Supelco). GC 
analyses were conducted as follows: column flow 1.8 ml/min with helium head pressure of 
103 kPa with a split ratio 55:1 and a septum purge of 3.9 ml/min. The initial oven 
temperature was held at 190 °C for 8 min, and then increased to 265 °C at 50 °C/min. The 
injector and detector temperatures were set at 250 °C. Saturated Cg-Cgo fatty acid methyl 
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esters (FAMEs) provided standards for calculating equivalent chain length values (Ettre, 
1995), which were used to make FAME assignments. 
Statistical Analysis 
Raw data from the leaf and seed analyses were aligned in separate data matrices, based on 
retention times and corresponding peak areas (Grob and Kaiser, 2004); peak areas were 
obtained automatically from the chromatography electronic integrator. Because of the large 
number of different retention times scored from the leaf analyses, retention times with peak 
area values less than 50 were deleted from subsequent analyses. After internal alignment, 
both matrices were transposed to obtain two final matrices of peak areas, with plot number, 
planting date, replication number, and retention times as columns and populations as rows. 
Proportions of the primary seed fatty acids were also arranged in a matrix, with plot number, 
planting date, replication number, and each identified fatty acid as columns and populations 
as rows. Peak areas from essential-oil analyses and fatty-acid percentages were weighted in 
relation to total essential-oil and fatty-acid production detected for the individual samples 
(reported in Lôpez et al., 2006). In this way, quantitative differences in overall production of 
the main volatile compounds and fatty acids present in each plot for every population (with 
one exception for seed essential oils) were analyzed. 
Data sets from leaf headspace and seed essential oils were subjected to analysis of variance 
(ANOVA), with planting dates, replication within planting dates, population, and the 
interaction, population x planting date, as sources of variation. As fatty-acid analysis was 
carried out for samples from 2002 and 2003 field experiments, two ANOVAs were applied to 
analyze this data set; the first one was a combined analysis, with years, planting dates within 
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years, and populations as sources of variation; the second ANOVA for fatty acids was similar 
to those employed for leaf headspace and seed essential oils. Kurtosis and skewness were 
estimated for fatty-acid data, and variables with high values were transformed by extracting 
the square root (Cochran and Cox, 1957). ANOVAs were carried out with PROC GLM from 
SAS (SAS Institute, 2002-2003). Population means were estimated from each of the three 
data sets, and a fourth data matrix was constructed by joining the means from seed essential-
oil analysis and those from fatty acids to carry out a combined seed-chemistry analysis. 
Means for main fatty acids were estimated with data from two years (2002 and 2003). Every 
population was assigned to a morphological group based on the results of a recent 
morphological classification (Lôpez et al., 2006) to compare chemical relationships with 
those of morphologically defined groups. A Pearson correlation matrix was constructed for 
each of the four mean data sets, and principal components analyses (PCA) were carried out 
individually, by using PROC PRINCOMP from SAS (SAS Institute, 2002-2003). The first 
three principal components from each analysis were plotted on a three-dimensional graph. 
PROC DISTANCE from SAS (SAS Institute, 2002-2003) was used to estimate Euclidean 
distance matrices from the four mean data sets, and a cluster analysis was carried out for each 
distance matrix by applying the Unweighted Pair Method with Arithmetic Mean (UPGMA) 
algorithm, following similar biochemical characterizations of 16 species from the family 
Vochysiaceae (Mayworm and Salatino, 2002), and isolates of the fungal pathogen, 
Rhizoctonia solani (Baird et al., 2000). Dendrograms for each distance matrix were 
constructed by using Genetic Data Analysis Software (GDA) version 1.0 for Windows 
95/NT (Lewis and Zaykin, 2001), and the resulting dendrograms were visualized by means 
of TreeView Software (Win 32) version 1.6.6 (Page, 2001). 
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Mantel tests (Sokal and Rohlf, 1995) were carried out to estimate correlations among the 
distance matrices from essential oils, fatty acids, and the combined essential-oil and fatty-
acid data; in the same way, those distance matrices were compared with phenotypic, 
geographical, and molecular distance matrices obtained from an earlier study (Lopez et al., 
2006). GenAlEx Software for Excel (Peakall and Smouse, 2006; Flanagan, 2006) was used 
to carry out the Mantel tests. Finally, significance for the grouping obtained from the 
combined data set for seed essential oils and fatty acids was tested by means of an analysis of 
molecular variance (AMOVA). Statistics analogous to Wright's FSt (Excoffier et al., 1992) 
were estimated for populations, by using information from an earlier molecular study with 
amplified fragment length polymorphisms (AFLPs), as described in Lôpez et al. (2006); 
those analyses were carried out with Arlequin Software version 3.01 (Excoffier et al., 2006). 
Results and Discussion 
Identification of Seed Essential-Oil Components 
From 104 scored retention times, 35 primary volatile compounds were identified in seed 
essential oils from fruits. Identified volatile compounds are depicted in Table 2, as 
percentage of fruit weight and relative abundance of the compounds in essential oil. Linalool 
was the most abundant compound, accounting for more than 70% of the total essential oil. In 
decreasing order of abundance, other important compounds were a-pinene, geranyl acetate, 
camphor, y-terpinene, terpinolene, citronellol, geraniol, and limonene. The predominant 
compounds detected in this study agree with those reported by other researchers for coriander 
essential oil (Purseglove et al., 1981; Formâcek and Kubeczka, 1982; Kerrola and Kallio, 
1993; Frank et al., 1995; Pino et al., 1996; Diederichsen, 1996; Jeliazkova et al., 1997; 
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Table 2. Mean percentages of the main volatile compounds identified in coriander seed 
essential oil from 59 populations. 
Number Retention time 
(SPB-1000)" 
Compound C20MRIb Percentage 
(in fruits)0 
Percentaf 
(in oil)5 
=
e 
Mean Max Min 
1 6.169 a-thujene 1021 0.00030 0.06 0.17 0.00 
2 6.627 a-pinene 1032 0.02500 3.71 9.14 1.97 
3 7.518 camphene 1075 0.00300 0.34 0.75 0.02 
4 7.954 hexanal 1084 0.00004 0.01 0.02 0.00 
5 8.362 P-pinene 1116 0.00300 0.41 1.07 0.25 
6 8.628 sabinene 1129 0.00100 0.18 0.32 0.04 
7 9.079 myrcene 1145 0.00030 0.05 0.15 0.00 
8 9.416 phellandrene 1166 0.00300 0.38 0.71 0.09 
9 9.918 heptanal 1178 0.00040 0.06 0.20 0.01 
10 10.145 limonene 1201 0.00600 0.79 1.60 0.04 
11 10.328 eucalyptol (1,8-cineole) NA 0.00030 0.06 1.04 0.00 
12 11.062 y-terpinene 1238 2.15600 2.01 3.84 0.20 
13 11.590 terpinolene NA 2.05500 2.22 5.85 0.33 
14 11.834 octanal 1280 0.00100 0.12 0.28 0.00 
15 15.570 nonanal 1385 0.00100 0.16 0.35 0.03 
16 16.304 l-octen-3-ol NA 0.00090 0.14 0.49 0.03 
17 16.915 linalool oxide 1420 0.72000 0.88 2.79 0.15 
18 17.497 decanal 1484 0.00010 0.03 0.10 0.00 
19 17.786 camphor 1491 3.05000 2.50 5.67 0.07 
20 18.347 linalool 1537 72.23400 71.21 83.15 49.29 
21 18.536 octanol 1553 0.14800 0.16 0.36 0.08 
22 19.641 myrtenal (t)e 1596 0.19700 0.23 0.74 0.06 
23 19.847 2-decenal NA 0.00100 0.20 0.36 0.06 
24 20.867 p-terpineol (t) 1654 0.85900 1.04 5.90 0.18 
25 21.070 a-humulene 1663 0.00010 0.03 0.23 0.00 
26 21.190 neral (t) 1667 0.00010 0.03 0.15 0.00 
27 21.968 borneol (t) 1677 0.00050 0.09 0.20 0.04 
28 22.045 a-terpinyl acetate 1700 0.00050 0.07 0.16 0.00 
29 22.868 neryl acetate 1742 0.00030 0.05 0.09 0.01 
30 23.329 citral 1713 0.11200 0.12 0.23 0.05 
31 23.769 geranyl acetate (t) NA 3.45200 3.52 8.59 1.03 
32 25.116 myrtenol NA 0.00060 0.08 0.19 0.03 
33 25.486 nerol 1770 0.25100 0.29 1.45 0.00 
34 26.408 citronellol 1762 2.01400 1.83 3.57 0.60 
35 26.675 geraniol (t) NA 1.03900 1.37 7.37 0.14 
a Column used for GC analysis. 
b Retention indices based on C20M column. 
c Weighted by the essential oil content (%) in fruits. 
d Estimated as percentage of the volatile compound in the essential oil sample. 
e Tentatively identified. 
NA= not available; Max= maximum; Min= minimum. 
Bandoni et al., 1998; Baratta et al., 1998; Misharina, 2001; Smallfield et al., 2001; Gil et al., 
2002). In addition, mean percentages for compounds, based on their presence in essential oil 
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samples (Table 2), generally agree with earlier reports; Diederichsen and Hammer (2003) 
mention linalool, camphor, limonene, and myrcene as very useful compounds for 
infraspecific classification in coriander. Moreover, it is clear from Table 2 that there is wide 
variation among the studied populations in the relative amounts of the main compounds, 
which suggests that many different aroma types could be selected or bred from these 
populations. For instance, we have identified populations with relatively low linalool content 
(-49% in SY2_IIa) and those with elevated levels of a-pinene (~9% in IN9 lb), geranyl 
acetate (-8.5% in INll Ib), geraniol (-7% in SY2_IIa), y-terpinene (-4% in US7_IIIa), 
terpinolene (-6% in SY2_IIa), B-terpineol (-6% in SY2_IIa), and camphor (-6% in ET2_Ic) 
(Table 2). 
Identification of Main Fatty Acids 
Results of our seed fatty-acid analysis revealed that (in decreasing order of abundance) 
petroselenic, linoleic, oleic, palmitic, stearic, vaccenic, and octadecenoic acids were the most 
common fatty acids, together accounting for 99% of the total (Table 3). For purposes of 
analysis, all other minor, unidentified components were grouped together in an eighth 
category called "others." Octadecanoic acid was detected only in samples from 2002; thus, it 
was not considered in subsequent analyses. As in the essential-oil analysis, the relative 
content of fatty acids, as weighted by the total fatty-acid content in fruits, was not 
significantly different from percentage of the fatty acids in oil samples, but there was a trend 
for the major fatty acids to show higher values when weighted by the fatty-acid content in 
fruits. Other authors have reported similar fatty acid profiles in coriander, with petroselenic 
acid as the major constituent and linoleic acid as the second most abundant constituent 
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(Kleiman and Spencer, 1982; Ross and Murphy, 1992; Cahoon and Ohlrogge, 1994a; 
Angelini et al., 1997; Ramadan and Morsel, 2003). Significant variation in content of all the 
identified fatty acids was observed, highlighting the chemical diversity in fatty-acid 
composition among the studied populations; similar results for infraspecific variation in 
fatty-acid profile for other species have been reported (Miller et al., 1965; Graham, 1989; 
Davik and Heneen, 1993; Alemayehu and Becker, 2001; Salywon et al., 2005). In contrast, 
Knapp et al. (1991) reported only limited diversity in fatty acids at the infraspecific level in 
Cuphea viscosissima Jacq. 
Table 3. Amount and percentage of main fatty acids identified in 60 populations of coriander. 
Fatty acid Percentage 
(in fruits)3 
Percentage b 
(in oil) 
Mean Maximum Minimum 
Palmitic 0.936 4.59 5.61 3.05 
Stearic 0.432 2.60 5.45 1.29 
Octadecenoic 0.889 0.39 2.13 0.00 
Petroselenic 13.881 66.75 73.14 61.72 
Oleic 1.807 8.87 10.57 7.16 
Vaccenic 0.238 1.10 1.55 0.34 
Linoleic 3.044 14.61 16.51 12.37 
Others 0.200 0.89 2.01 0.00 
a Weighted by the fatty-acid content (%) in fruits. 
b Estimated as percentage of the fatty acid in the oil sample. 
Analyses of variance 
Table 4 summarizes the ANOVAs for compounds from leaf headspace and seed essential oils 
(as reflected in distinct retention times), for three different sources of variation: planting date, 
populations, and the interaction of planting date x population. Leaf samples had more 
volatile compounds than did the seed samples; but planting-date differences were significant 
for a higher proportion of the seed essential oils. The number of significantly different 
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retention times among populations for leaves was very low, about 5% of the total, but for 
seed essential oils, significant differences among populations were detected for half of the 
scored compounds. There were significant interactions for more than half of the compounds 
in leaf-headspace samples; conversely, significant interactions were detected in less than 
10% of the seed essential oils. Thus, these ANOVA results support past research 
(Purseglove et al., 1981; Angelini et al., 1997; Arganosa et al., 1998) that documented 
significant environmental effects on the constituents of the seed essential oils and leaf 
headspace in coriander. However, for diversity studies designed to produce stable systematic 
classifications, it is desirable that traits be relatively unaffected by the environment (Lombard 
et al., 2001; Nuel et al., 2001). In our study, extreme results were observed in leaf-headspace 
constituents, where the effects of the environment and the interaction, planting date x 
population, were magnified and very few compounds showed significant differences among 
populations, the genetic component (Table 4). 
Table 4. Statistically significant and non-significant (p=0.05) mean squares for retention 
times from leaf headspace and seed essential oil GC analyses in coriander; samples obtained 
in 2003. 
Source of variation Leaves Essential oil 
Significant Non-significant Total Significant Non-significant Total 
Planting Date (PD) 117 78 195 97 7 104 
(60.00%) (40.00%) (93.2796) (6.73%) 
Population (PO) 11 184 195 52 52 104 
(5.64%) (94.36%) (50.00%) (50.00%) 
Interaction PD x PO 123 72 195 10 94 104 
(63.0894) (31.9294) (9.62%) (90.38%) 
Because of the low proportion of retention times significantly different among populations 
for leaf samples, we dropped those data from subsequent multivariate analyses. We omitted 
them for three reasons. First, with an alpha of 0.05, with such a diverse data set (195 different 
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retention times), we expected at least 9 compounds to display type I errors. This was nearly 
the actual number observed, and most of them were very close to the cut-off value of 0.05 for 
p, suggesting that there may be no truly significant differences at the population level or that 
they are masked by environmental variation. Second, those few compounds that displayed 
significant differences were only minor components of leaf headspace, the most abundant 
was present at only 2.1% and the others did not exceed 0.5% of the total. And finally, 
preliminary multivariate analyses determined that these compounds were not helpful in 
clarifying phenetic relationships among populations. 
Differences between years were detected for all the fatty acids in the profile; among 
populations, only octadecenoic acid and the "others" class showed non-significant 
differences (Table 5). 
Table 5. Mean squares from ANOVA for the main fatty acids in coriander seeds; samples 
produced in 2002 and 2003. 
Fatty acid Combined 2003 
Years Population Planting Date Population Interaction PD x PO 
(PO) (PD) (PO) 
Palmitic 2.73 *** 0.07 ** 0.298 *** 0.035 *** 0.009 ns 
Stearica 10.61 * 0.02 *** 0.002 ns 0.005 *** 0.001 * 
Octadecenoica 2.40 *** 0.04 ns 0.064 ns 0.058 ns 0.063 ns 
Petroselenic 403.66 *** 28.07 *** 92.779 *** 14.297 *** 4.794 ns 
Oleic 0.61 *** 0.45 *** 0.320 * 0.231 *** 0.092 ns 
Vaccenic3 1.32 *** 0.04 *** 0.077 *** 0.007 ns 0.006 ns 
Linoleic 48.04 *** 0.86*** 4.804 *** 0.507 *** 0.137 ns 
Othersa 4.89 *** 0.04 ns 0.021 ns 0.046 ns 0.036 ns 
a Mean squares from transformed data (square root) 
From the ANOVA for 2003 data, five of eight fatty acids showed differences for planting 
date and for populations. Only stearic acid showed a significant interaction between planting 
date and populations. As with the volatile compounds, most of the fatty acids were affected 
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by the environment (i.e., the planting dates). And although this is the case, the relative 
unimportance of the planting date by population interaction makes these compounds more 
reliable traits for classification. These phenomena are consistent with other reports 
describing the advantages of using fatty acids for taxonomic classification for both 
microorganisms (Embley et al., 1987; Guezennec and Fiala-Medioni, 1996; Baird et al., 
2000) and plant species (Miller et al., 1965; Davik and Heneen, 1993; Granot et al., 1996; 
Mayworm and Salatino, 2002). 
Comparisons among Chemical Data Matrices 
Tables 5 A, 6A, and 7A in Appendix A present matrices corresponding to Euclidean distances 
between pairs of accessions as estimated from seed essential oils alone, seed fatty acids 
alone, and the combined chemical data set, respectively. Based on the essential-oil data 
(Table 5A in Appendix A), the maximum Euclidean distance was 23.35 occurring between 
populations RF2 Illb and UZlIIIb, and the minimum distance was 1.44, occurring between 
OM2_Ib and OM8_Ib. On the basis of the fatty-acid data (Table 6A in Appendix A), the 
maximum Euclidean distance was 7.58, between the ETI Ic and PAl Ib populations, with a 
minimum distance of 0.58 occurring between populations US4_IIIa and US7_IIIa. From the 
combined data set (Table 7A in Appendix A), the maximum distance was 23.51, also 
occurring between populations RF2_IIIb and UZlIIIb, and the minimum distance was 2.44, 
and, as with the fatty-acid data, it occurred between US4_IIIa and US7_IIIa. 
Use of Euclidean distances is a good choice to estimate levels of divergence among 
genotypes when working with morphological traits (Mohammadi and Prasanna, 2003). 
However, this metric has also been demonstrated to be a useful tool when chemical data sets 
119 
are involved (Mundina et al., 2001; Mayworm and Salatino, 2002; Judzentiene and Mockute, 
2005; Radusiene et al., 2005). Comparing ranges between maximum and minimum 
Euclidean distances from three data sets, it is clear that distance matrices from the essential 
oils alone and the combined essential-oil and fatty-acids showed a wider variation than did 
the distance matrix from fatty acids alone. 
Correlations among distance matrices obtained from this study and from an earlier study 
(Lôpez et al., 2006) that investigated phenotypic, geographic, and genetic relationships are 
shown in Table 6. Geographical distances correlated significantly with distances from 
phenotypic and fatty-acid data; in wild annual sunflower (Helianthus), Seller and Brothers 
(1999) observed some correlations between sample's geographical location and fatty-acid 
composition; and distances from the fatty-acid profile also correlated with phenotypic and 
molecular distance matrices, the last one based on AFLPs (Lôpez et al., 2006). 
Table 6. Correlations among distances matrices for geographical (GO), phenotypic (PHD), 
molecular (MD), essential oil (EO), fatty acids (ED), and combined fatty acids and essential 
oil (EOFA) data. 
Distance matrix GD PHD MD EO FA EOFA 
GD 1.000 
PHD 0.112 * 1.000 
p=0.035 
MD 0.076 ns 0.011 ns 1.000 
p=0.105 p=0.399 
EO -0.012 ns 0.094 ns 0.134 ns 1.000 
p=0.462 p=0.108 p=0.060 
FA 0.131 ** 0.225 *** 0.092 * 0.021 ns 1.000 
p=0.007 p=0.000 p=0.045 p=0.350 
EOFA -0.001 ns 0.129 * 0.137 ns 0.989 *** 0.158 ** 1.00 
p=0.522 p=0.049 p=0.060 p=0.000 p=0.007 
p= actual p value. 
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The combined distance matrix from seed essential oils and fatty acids correlated significantly 
with phenotypic distances and, as expected, with its component essential-oil and fatty-acid 
distance matrices. There were also two correlations that were slightly above the p-value of 
0.05 for statistical significance. They both involved molecular distances, one with seed 
essential oils and the other with the combined essential-oil and fatty-acid analysis. From the 
abovementioned correlations, perhaps the most interesting are those observed between 
phenotypic characteristics and fatty-acid profiles. It is likely that human selection for 
specific plant phenotypes also modified the seed-lipid profile. This is not surprising since 
the use of its dried fruits as a spice was presumably the first intentional use for coriander 
(Diederichsen, 1996). 
It is also interesting to examine relationships established between the distance matrix from 
molecular data with distance matrices from the essential oil alone, from the fatty acids alone, 
and from the combined data sets. Those correlations support a weak molecular basis for 
patterns of variation at the biochemical level in coriander, whereas in an earlier study of 
nearly the same set of coriander populations (Lopez et al., 2006), we found no significant 
relationship between phenotypic and molecular distances. In contrast, significant 
correlations between molecular and chemical data have been reported in other plant taxa 
(Adams, 2000; Keskitalo et al., 2001; Vieira et al., 2001). 
Cluster Analysis 
Five clusters and two individual populations can be described from the analysis of seed 
essential oils (Figure 1). There was no clear correspondence between this classification and a 
recent morphological classification (Lopez et al., 2006), nor with geographical origin. 
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Similar results were obtained from our fatty-acid profile analysis, although significant 
correlations were found between geographical and fatty-acid distances matrices; but from 
this dendrogram (Figure 2), only four clusters were defined. Based on the combined 
essential-oil and fatty-acid data, Figure 3 defined five clusters and two single populations. 
But even this dendrogram shows only weak relationships to those obtained in morphological 
and molecular studies (Lôpez et al., 2006), even though statistically significant relationships 
were established by the Mantel test between Euclidean distances from our chemical data and 
phenotypic and molecular distances. 
However, some trends can be highlighted from these dendrograms. In Figure 1, certain 
morphologically similar populations, such as those from Oman, Turkey, Mexico, and 
Germany, cluster together for seed essential-oil composition. In Figure 2, it is possible to 
find some subgroupings for fatty-acid composition that correspond to the geographical 
origins of the populations. And the dendrogram in Figure 3 combines features from its two 
component data sets seed essential oils and fatty acids, displaying clusters of 
morphologically similar populations and other subgroups formed of populations with 
proximal geographical origins. For example, Group 1 in Figure 3 is made up only of 
populations from the same morphological subgroup (Illb), and Group 3 includes consistent 
clusters of seven populations from morphological subgroup Illb and five from subgroup Ilia. 
There were also four very tight pairs from the same country of origin, with one of those pairs 
including members of two different morphological groupings: TU2_Ic and TU5_IIIb. As an 
additional advantage, groups are more clearly defined in the combined dendrogram than with 
the individual data sets. 
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Figure 1. Phenetic relationships for 59 populations of coriander, based on essential-oil GC 
analysis. 
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Figure 2. Phenetic relationships for 60 populations of coriander, based on fatty-acid analysis. 
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Description for Groups from Combined Analysis 
A brief description of the chemical profiles for five groups defined on the basis of the 
combined analysis from essential-oil and fatty-acid data is presented in Table 7, together with 
two single populations that did not fit with any group. Group 1 is characterized by the 
highest percentages of linalool, camphene, and camphor; with the second highest percentages 
for limonene; in addition, this group had the highest percentages for oleic and linoleic acids. 
Group 2 had the highest percentages for nonanal and geranyl acetate; with second highest 
percentages for linalool, a-humulene, and geraniol; this group had the highest content for 
palmitic and stearic acids. Group 3 presented the highest proportions for sabinene, 
phellandrene, limonene, y-terpinene, terpinolene, and citronellol; in this group, the second 
highest percentage was found for camphor; this group accounted for the second highest 
percentages for stearic and linoleic acids. Group 4 is characterized by the highest 2-decenal, 
bomeol, and citral content; with second highest percentages for a-thujene, a-pinene, p-
pinene, linalool oxide, and sabinene; in addition, this group presented the highest percentage 
for vaccenic acid other than ETIIc. Group 5 had highest values for p-pinene, myrcene, and 
a-humulene other than ETIIc, showing the second highest content for a-pinene other than 
RF2_IIIb, and geranyl acetate; this group had the second highest proportion for petroselenic 
acid. As for the single populations, population RF2_IIIb had the highest percentage of a-
pinene, P-pinene, myrtenal, octanol, and geraniol, and it had the lowest content for camphor 
and many other volatile compounds. Notably, this population also had the highest level of 
petroselenic acid. 
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Table 7. Means in percentages for main volatile compounds and fatty acids for groups 
formed on the basis of combined essential-oil and fatty-acid profiles in coriander. 
Component Group 1 Group 2 Group 3 Group 4 Group 5 RF2 Illb ET1 Ic 
Volatile compounds 
a-thujene 0.01 0.06 0.04 0.06 0.07 0.05 0.05 
a-pinene 3.49 3.41 3.60 3.95 3.92 4.05 3.33 
camphene 0.55 0.19 0.51 0.43 0.22 0.04 0.45 
hexanal 0.00 0.01 0.00 0.01 0.01 0.01 0.01 
P-pinene 0.33 0.38 0.38 0.44 0.46 0.46 0.38 
sabinene 0.21 0.12 0.24 0.22 0.16 0.06 0.12 
myrcene 0.01 0.05 0.03 0.04 0.06 0.05 0.04 
phellandrene 0.51 0.24 0.52 0.41 0.32 0.16 0.33 
heptanal 0.02 0.07 0.04 0.13 0.06 0.10 0.20 
limonene 1.16 0.46 1.19 0.97 0.55 0.13 1.04 
eucalyptol (1,8-cineole) 0.06 0.02 0.06 0.05 0.07 0.01 0.03 
y-terpinene 2.57 1.06 2.79 2.43 1.76 0.38 0.66 
terpinolene 1.57 1.37 2.72 2.66 2.35 0.33 1.46 
octanal 0.22 0.04 0.19 0.15 0.07 0.01 0.11 
nonanal 0.10 0.21 0.14 0.16 0.16 0.14 0.20 
l-octen-3-ol 0.08 0.22 0.10 0.12 0.16 0.13 0.27 
linalool oxide 0.28 1.03 0.46 1.90 0.97 1.49 2.79 
decanal 0.00 0.03 0.01 0.07 0.03 0.05 0.10 
camphor 4.56 1.29 4.34 2.15 1.35 0.28 3.72 
linalool 73.98 72.73 71.77 63.33 71.54 69.67 62.59 
octanol 0.12 0.15 0.15 0.15 0.18 0.23 0.11 
myrtenal (t)e 0.12 0.30 0.13 0.32 0.26 0.45 0.21 
2-decenal 0.20 0.13 0.23 0.28 0.19 0.07 0.17 
P-terpineol (t) 0.57 1.26 0.45 1.84 1.18 1.25 3.98 
a-humulene 0.01 0.04 0.02 0.03 0.04 0.03 0.08 
neral (t) 0.01 0.05 0.01 0.06 0.04 0.09 0.15 
bomeol (t) 0.06 0.10 0.10 0.11 0.08 0.06 0.07 
a-terpinyl acetate 0.11 0.06 0.07 0.08 0.07 0.05 0.12 
neryl acetate 0.04 0.06 0.03 0.05 0.06 0.07 0.04 
citral 0.09 0.13 0.14 0.17 0.10 0.06 0.10 
geranyl acetate (t) 3.48 4.00 2.93 3.41 3.81 3.26 3.52 
myrtenol 0.08 0.09 0.09 0.08 0.07 0.07 0.07 
nerol 0.07 0.33 0.15 0.72 0.25 1.05 1.45 
citronellol 2.49 1.47 2.64 2.27 1.28 0.89 0.60 
geraniol (t) 0.46 2.07 0.43 1.32 1.88 2.79 1.93 
Fatty acids 
Palmitic acid 4.27 4.80 4.61 4.61 4.53 4.57 4.76 
Stearic acid 2.35 2.90 2.75 2.49 2.47 2.01 2.47 
Octadecenoic acid 0.20 0.41 0.38 0.57 0.33 0.16 2.13 
Petroselenic acid 65.92 66.34 65.98 66.82 67.54 68.68 66.77 
Oleic acid 9.76 8.82 8.94 9.00 8.75 8.32 7.64 
Linoleic acid 15.75 14.50 15.08 14.20 14.22 14.21 13.74 
Vaccenic acid 0.94 1.10 1.10 1.21 1.10 1.18 1.32 
Other fatty acids 0.67 1.06 0.90 0.85 0.86 0.60 1.43 
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Population ETI Ic had the highest proportion of linalool oxide, |3-terpineol, a-humulene, 
neral, a-terpinyl acetate, and nerol, with the lowest percentage of linalool, and the highest 
octadecenoic and vaccenic acid content (Table 7). 
These profiles document biochemical variation within the NCRPIS coriander collection 
establishing clear differences among groups for essential-oil and fatty-acid composition, as 
other authors have reported for diverse plant species. For examples of essential-oil studies, 
see Miller et al. (1965), Granot et al. (1996), Seller and Brothers (1999), Bischof-Deischnik 
et al. (2000), Cavaleiro et al. (2001), Mundina et al. (2001), Judzentiene and Mockute (2005), 
and Radusiene et al. (2005). For examples of fatty-acid studies see Wolf et al. (1983), 
Graham and Kleiman (1985), Graham (1989), Davik and Heneen (1993), dos Santos and 
Salatino (1997), Mayworm and Salatino (2002), and Salywon et al. (2005). 
Principal Components Analysis 
For data from the seed essential-oil analysis, there were nine principal components with 
eigenvalues above 1.0, and they explained more than 90% of the total variation. The first 
two principal components had eigenvalues greater than 10, and, together with the third 
principal component, they explained more than 75% of the total variation. Figure 4 shows 
the distribution of the populations among the axes for three first principal components. As a 
general trend, populations grouped to the lowest absolute values for three principal 
components. Populations from morphological subgroup lb, as defined by Lôpez et al. (2006) 
grouped together, as did populations from subgroups lib and Ilia and some populations from 
subgroup Ic. However, populations from subgroup Illb (the largest group) are dispersed 
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throughout the three axes and were interspersed with other subgroups, indicating that this 
morphological group is quite heterogeneous for seed essential oils. 
Legend 
Group I: subgroups Ia= cube; Ib= star; Ic= pyramid 
Group II: subgroups IIa= square; IIb= club 
Group III: subgroups IIIa= flag; IIIb= balloon 
7 . 7 7  
4 . 5 3  
1 . 2 8  
1 4 . 0 3  
- 1 . 9 6  
9 . 1 4  
- 5 . 2 1  
- 0 . 6 8  
9 . 7 7  
- 5 . 5 2  1 4 . 9 9  
Figure 4. Distribution for 59 populations of coriander based on the first three principal 
components from the essential-oil analysis. 
From the fatty-acid data, the first three principal components had eigenvalues above 1.0, and 
together they explained more than 90% of the total variation. As shown in Figure 5, 
populations were dispersed through the space for the three first principal components, but 
most populations were weakly grouped together corresponding to their morphologically 
defined subgroups (Lôpez et al., 2006), with the exception of populations from subgroup 
Illb, which were generally dispersed, but formed some sub-subgroups throughout the space. 
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Legend 
Group I: subgroups Ia= cube; Ib= star; Ic= pyramid 
Group II: subgroups IIa= square; IIb= club 
Group III: subgroups IIIa= flag; IIIb= balloon 
l . B B  
1 . 0 2  
0 . 1 6  
3 . 4 2  
- 0 . 7 0  
1 . 5 4  
- 0 . 3 5  
- 1 . 5 6  1 
- 1 . 8 7  - 2 . 2 3  
1 . 3 3  
- 4 . 1 2  2 . 4 0  
Figure 5. Distribution for 60 populations of coriander based on the first three principal 
components from the fatty-acid analysis. 
From the combined PCA for data from essential oils and fatty acids, there were eight 
principal components with eigenvalues above 1.0, that together explained more than 86% of 
the total variation. The first two principal components had eigenvalues greater than 10, and, 
together with the third principal component, they explained more than 70% of the total 
variation. In relation to the eigenvector values, the primary volatile compounds contributed 
most heavily to the variation for the first two principal components, and palmitic, 
petroselenic, oleic, and linoleic acids contributed heavily to the variation for the third 
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principal component. Although there was a trend for populations to cluster near the lowest 
absolute values for the three axes, there was a clearer grouping pattern among them (Figure 
6), which corresponded more closely to the morphological subgroups to which they had been 
assigned by Lôpez et al. (2006). Populations from subgroup Illb were still interspersed 
within other subgroups, but now, they formed clearer sub-subgroups (Figure 3). 
Legend 
Group I: subgroups Ia= cube; Ib= star; Ic= pyramid 
Group II: subgroups IIa= square; IIb= club 
Group III: subgroups IIIa= flag; IIIb= balloon 
4 . 2 6  
0 . 7 7  
- 2 . 7 3  
1 4 . 0 3  
- 6 . 2 2  
4 . 1 8  
- 9 . 7 1  1 
- 6 . 0 7  - 0 . 7 5  
- 0 . 8 4  
- 5 . 6 8  1 4 . 8 6  
Figure 6. Distribution for 59 populations of coriander based on the first three principal 
components from the combined analysis for seed essential oils and fatty acids. 
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A notable highlight from Figure 6 is that populations from morphological subgroups Ha and 
lib clustered together at the extreme corner for lowest values for the first two principal 
components, indicating that those populations are chemically very different from populations 
for the other subgroups. Yet, on their phenology and morphology, populations in Group II 
were considered as an intermediate Group between groups I and III (Lôpez et al., 2006). 
PCA generally supported groups formed on the basis of the cluster analysis; similar results 
have been reported for other plant species (Cavaleiro et al., 2001; Mundina et al., 2001; 
Dunlop et al., 2003) in which CA and PCA were complementary in elucidating relationships 
among populations in chemotaxonomic studies, with an additional advantage for PCA, in that 
it reduces significantly the number of original variables to a few principal components, which 
explain most of the total variation (Hardie and Simar, 2003), although phenetic relationships 
are often better visualized on dendrograms from CA. 
Analysis of Molecular Variance 
Grouping patterns based on the clusters formed from the combined essential-oil and fatty-
acid data (see Figure 3) were supported by AMOVA, as there were very highly significant 
differences among groups, among populations within groups, and within populations (Table 
8). However, the percentage of variation was highest within populations, and the percentage 
of variation among groups was quite small (Table 8), confirming the importance of intra-
population variation in cross-pollinated coriander populations. Similar results for AMOVA 
have been reported in other allogamous plants (Tero et al., 2003; Fjellheim and Rognli, 2005; 
Rouf Mian et al., 2005). As fixation indices (Fs) measure the amount of differentiation 
among subpopulations derived from the subdivision of an original population (Wright, 1978), 
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values for Fs range from 0 for non-differentiation to 1 for complete differentiation between 
original population and its subpopulations, respectively. In this study, Fs values reflect 
similar levels of genetic differentiation among populations within groups and within 
populations, but the level of differentiation was markedly lower among groups. Similar 
results were obtained for AMOVAs for phenotypic and genetically-based groups in coriander 
(Lopez et al., 2006). 
Table 8. AMOVA results for seven groups involving 59 coriander populations, identified on 
the basis of combined essential-oil and fatty-acid data, by estimating Euclidean distances and 
using the UPGMA clustering algorithm. 
Source of variation Sum of squares Variance components" Percentage of variation 
Among groups 246.039 0.74 (Fct=0.061) 6.10*** 
Among populations within groups 1035.470 2.97 (FSc=0.260) 24.30 *** 
Within populations 1338.250 2.97 (FS7=0.305) 69.49 *** 
Total 2619.759 12.15 
a With corresponding fixation index in parenthesis 
***= p<0.001 (very highly significant) 
Conclusions 
In summary, a cluster analysis of combined data from coriander seed essential oils and fatty 
acids revealed five differentiated groups and two unassociated accessions that were 
supported by principal components analysis. Although this grouping pattern was supported 
by molecular evidence based on AFLPs, the fixation index among groups was very low, 
reflecting relatively little differentiation among groups proposed on the basis of chemical 
analysis. Another important finding from this study is that volatile compounds from leaf 
headspace analysis were not useful for detecting differences among populations, and thus did 
not clarify phenetic relationships among them. However, some relationships were observed 
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through Mantel tests and CA between the distance matrices based on biochemical data and 
those based on geographical, phenotypic, and molecular data. 
Furthermore, although only limited support was generated by our biochemical data for an 
earlier phenotypic infraspecific classification, it should be possible to combine the results 
from these phenotypic, molecular, and biochemical characterizations and develop a utilitarian 
classification for coriander populations, by using the concept of "group", as defined in the 
International Code of Nomenclature for Cultivated Plants (ICNCP) (Brickell et al., 2004). 
We plan to direct future efforts to that endeavor. 
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CHAPTER 4. GENERAL CONCLUSIONS 
General Discussion 
In Chapter 2, 60 coriander accessions obtained from the North Central Regional Plant 
Introduction Station in Ames, Iowa could be separated into three and four groups, based on 
phenotypic characterization and molecular analysis with amplified fragment length 
polymorphisms (AFLPs), respectively. However, there was a relatively poor correspondence 
between the phenotypic classification obtained from this study and a previous infraspecific 
classification proposed by Diederichsen and Hammer (2003). In addition, no clear 
correspondence between phenotypic and molecular classifications was observed in this study. 
In related biochemical analyses presented in Chapter 3, five groups were clearly 
differentiated on the basis of combined data from the seed essential-oil and fatty-acid 
profiles. These biochemical groups were described on the basis of their distinctive chemical 
constituents and were supported by principal components analysis. Leaf volatiles were not 
useful for detecting population differences or for establishing phenetic relationships among 
populations. Weak correlations were established among distances matrices based on 
geographical, phenotypic, biochemical, and molecular data. From analysis of molecular 
variance (AMOVA), there was little molecular evidence based on AFLP markers to support 
the phenotypic and biochemical classifications in coriander obtained from this study. 
Differences among groups were very highly significant, but most of the variation was due to 
the within-population component, demonstrating a very high degree of intra-population 
variation in coriander. Fixation indices (F) confirmed very weak differentiation within any 
of the proposed classifications, including that based on the AFLP marker data. A possible 
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explanation for the weak correlations and incongruities among phenotypic, biochemical, and 
molecular classifications in coriander in this study is that coriander is a relatively young crop 
species (Diederichsen, 1996), sometimes considered as a secondary crop, retaining many 
characteristics of ruderal plants, such as indeterminate flowering, differential seed maturity, 
fruit shattering, and uneven seed germination. The effects of human selection, under various 
environmental conditions, are observable at the phenotypic level, but selection may be 
operating upon relatively few genes for too short a time, limiting completion of the genetic 
assimilation process (Schlinchting, 2004). Another possible cause for this incongruence 
between phenotypic and genetic classifications is the wide exchange of coriander fruit as a 
spice around the world and the relatively recent introduction of this species into the Western 
Hemisphere, resulting in a relatively common mixed genetic background among populations. 
In these ways, no clear differentiation can be seen among coriander populations at the 
molecular level, even when clear phenotypic differentiation can be observed. Although scant 
molecular support was detected for phenotypic and biochemical infraspecific diversity in 
coriander, it should be possible, by combining the results from phenotypic, biochemical, and 
molecular analyses, to devise a utilitarian classification in coriander, by using the concept of 
"Group" as described in the International Code of Nomenclature for Cultivated Plants. Such 
a classification should be helpful in characterization of the gene pool of coriander from a 
practical perspective and may be useful to coriander growers and breeders. 
Recommendations 
Some phenological and morphological traits that showed good stability between planting 
dates were days to maturity (DM), blade shape of the longest basal leaf (BSLBL), insertion 
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angle of the longest basal leaf (HBL), anthocyanins on the petals (ANPE), number of umbels 
(NU), and shape of the fruits (SF). Furthermore, percentage of split fruit (PSF), plant yield 
(PY), weight of 1000 fruits (W1000F), shape of the fruit (SF), and essential-oil content in 
percentage (EOCP) all showed a lack of interaction with planting dates; thus, those traits can 
be considered as stable and appropriate to score for future characterization in coriander. In 
addition, soil characteristics, maximum and minimum temperatures, growing-degree days, 
precipitation, and photoperiod during the growing season, are important characteristics to 
report about the environment for future studies. Another important thing in coriander 
germplasm evaluation is to consider including accessions representative of established 
groups or infraspecific taxa, as control or standard populations; this would facilitate 
comparisons among classifications. 
Analysis fo leaf volatiles from headspace-solid phase microextraction (SPME) did not show 
significant differences among populations for the vast majority of scored components. It is 
likely that environmental variation is more important that are genetic factors in influencing 
leaf-volatile composition. However, through careful environmental control (e.g. the use of 
growth chambers), it may be possible to reveal genetic variation for the production of these 
volatile compounds. It is recommended that future characterization use a combination of 
data from seed essential oils and fatty acids, to obtain a clear biochemical classification. 
Multiplexing AFLP reactions seems to be a good option to characterize coriander and 
possibly other collections at germplasm banks, because of the resulting cost reduction and 
time optimization. In contrast, although advantages of bulking samples for molecular 
characterization have been reported for certain species, bulking DNA may not be a good 
option when working with dominant markers and/or whether populations under study are 
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highly heterogeneous, as was the case for coriander, because of the overestimation of allelic 
frequencies and the masking of infrequent polymorphisms. 
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APPENDIX A. ADDITIONAL TABLES 
Table 1A. Summary for preliminary reliability test of three-plant bulks from genomic DNA and leaf tissue from four populations 
of coriander in 2005. All figures are percentages. 
Marker EcoK\ +3 Primer 4/AfceI Primer 1 EcoRl +3 Primer 3/Ms el Primer 1 EcoR\ +3 Primer MMse\ Primer 2 EcoRl +3 Primer 2/Msel Primer 2 Final 
average 
DNA Bulks 
Replication Average Replication Average Replication Average Replication Average 
R1 R2 R1 R2 R1 R2 R1 R2 
ok 81.7 79.2 80.4 66.9 80.8 73.9 62.8 69.7 66.2 55.7 59.8 57.8 69.6 
- 16.6 19.0 17.8 32.0 16.5 24.3 35.6 26.2 30.9 42.0 36.0 39.0 28.0 
+ 1.7 1.8 1.7 1.1 2.6 1.8 1.6 4.1 2.9 2.3 4.2 3.2 2.4 
Marker jEcoRI +3 Primer 4/Msel Primer 1 EcoR\ +3 Primer 3/Msel Primer 1 EcoRl +3 Primer 1/MseI Primer 2 EcoBJ +3 Primer 2/Msel Primer 2 Final 
average 
Tissue Bulks 
Replication Average Replication Average Replication Average Replication Average 
R1 R2 R1 R2 R1 R2 R1 R2 
ok 84.6 80.9 82.8 87.9 81.1 84.5 59.9 74.0 66.9 45.8 70.6 58.2 73.1 
-
12.4 16.6 14.5 11.2 16.0 13.6 38.5 23.0 30.8 51.2 26.0 38.6 24.4 
+ 3.0 2.5 2.7 0.9 3.0 2.0 1.6 3.0 2.3 3.0 3.4 3.2 2.5 
ok = presence of the marker in at least one individual plants and in the bulk. 
- = presence of the marker in at least one individual plants, but absent in bulk (false negative). 
+ = absence of the marker in all the individual plants, but present in bulk (false positive). 
Table 2A. Euclidean distance matrix from phenological and morphological traits among 60 coriander populations. 
Population AFl_IIIb ARlIIb AR2 lib AZIJIIb AZ2_IIIb BUlIIIb CA2_Ic CH2_IIIb CHLlIIIb CZ2_IIIb ETIIc ET2_Ic FRIJIIb FRIJIIb GE2_IIIb 
AFlJIIb 0.00 
ARlIIb 7.73 0.00 
AR2_IIb 7.15 3.28 0.00 
AZIJIIb 5.41 5.30 4.29 0.00 
AZ2IIIb 3.82 6.89 5.99 4.38 0.00 
BUlIIIb 6.82 6.04 4.90 5.26 4.66 0.00 
CA2_Ic 6.68 10.70 10.21 9.00 7.09 9.27 0.00 
CH2_IIIb 3.11 7.44 6.82 4.71 3.03 5.87 6.35 0.00 
CHLlIIIb 4.38 6.99 6.57 4.84 2.98 5.79 6.35 4.00 0.00 
CZ2_IIIb 5.73 6.70 6.81 5.21 3.81 4.78 7.98 4.51 4.15 0.00 
ETIIc 5.36 8.54 8.74 8.10 5.82 7.62 4.45 5.37 5.09 6.43 0.00 
ET2_Ic 4.44 8.37 8.39 7.80 5.54 7.75 6.80 5.13 5.44 6.59 4.37 0.00 
FRIJIIb 5.61 5.33 5.05 5.03 3.33 3.30 7.52 4.64 4.43 3.89 5.82 6.45 0.00 
FR2_IIIb 5.46 6.66 6.69 5.52 3.50 4.17 7.11 4.49 3.65 2.69 4.98 6.20 3.06 0.00 
GE2_IIlb 5.60 6.01 5.77 5.11 3.26 3.69 6.79 4.42 3.86 3.20 5.39 6.03 2.03 2.47 0.00 
GE5_IIIb 5.64 5.92 6.08 5.54 3.60 4.16 6.61 4.32 4.17 3.50 4.83 5.74 2.03 2.64 1.40 
GE6_IIIb 3.99 7.09 6.39 5.35 1.96 4.76 5.94 2.91 3.42 4.02 4.90 4.93 3.01 3.40 2.65 
GEOlIIIb 4.95 7.17 6.03 3.70 4.19 6.62 8.90 4.45 4.85 6.48 8.05 7.30 6.05 6.32 5.96 
INI l ib 5.38 10.37 9.86 8.29 7.00 9.17 4.10 5.51 6.43 8.24 4.92 7.00 7.69 7.08 7.40 
IN7_Ib 5.69 10.43 9.40 7.99 7.30 9.31 5.66 5.61 7.71 9.15 6.44 7.48 8.21 8.21 7.98 
IN9_Ib 5.86 11.01 10.38 9.14 8.11 10.08 5.48 6.76 7.93 9.28 6.04 7.33 8.87 8.32 8.56 
KA3_IIIb 5.25 6.00 4.54 3.85 4.16 4.01 8.40 4.79 4.42 4.96 7.29 7.08 4.31 5.11 4.81 
MElJIIa 6.15 6.98 6.23 5.67 4.61 5.88 7.08 4.67 5.94 5.60 7.02 6.73 4.33 6.11 4.34 
ME14_IIIa 7.03 6.04 5.15 5.44 4.56 4.30 9.18 6.06 5.90 4.80 8.15 7.68 4.01 5.63 4.16 
ME2_Ic 4.37 8.79 8.17 6.60 4.61 7.31 3.97 4.07 4.32 6.35 5.02 5.81 5.44 5.67 5.06 
ME4_Ic 4.36 8.41 7.85 6.90 4.39 6.95 4.28 4.37 4.25 6.35 4.19 4.94 5.03 5.63 4.93 
MESJIIa 7.51 6.80 5.96 5.79 5.28 5.15 9.09 6.27 6.22 5.05 8.45 7.87 4.72 6.23 4.76 
ME7_Ic 3.86 8.33 7.73 6.58 3.93 6.98 4.52 3.85 3.87 5.87 4.52 4.42 5.06 5.50 4.84 
NT2_Ic 7.10 10.90 10.53 9.62 7.60 9.57 2.05 6.60 7.08 8.17 4.55 6.96 7.75 7.49 7.16 
OM2_Ib 4.88 10.62 10.02 8.56 7.21 9.32 4.79 5.91 7.16 8.31 5.66 6.58 8.07 7.53 7.65 
OM8_Ib 5.10 10.74 10.09 8.79 7.53 9.53 5.20 6.07 7.58 8.61 5.97 6.91 8.37 7.96 8.05 
PA1 lb 3.62 9.90 9.32 7.55 6.23 8.90 6.17 5.25 5.85 7.88 5.83 6.21 7.59 7.02 7.46 
Table 2A. (continued). 
Population AFIIIIb ARl_IIb AR2_IIb AZIIIIb AZ2_IIIb BUlJIIb CA2_Ic CH2_IIIb CHLIJIIb CZ2_IIIb ETIJc ET2_Ic FRIIIIb FR2_IIIb GE2_IIIb 
POlIIIb 4.61 6.03 5.57 399 2.77 4.12 636 3.12 3.44 3.68 5.08 5.84 280 2.71 2.04 
RF2_IIIb 2.22 7.13 6.39 5.18 3.98 6.20 6.44 3.52 4.22 598 5.26 4.73 5.14 5.34 5.22 
RF3_IIIb 4.50 5.99 5.02 3.60 3.47 4.38 8.00 4.14 3.17 4.08 6.52 6.37 4.32 4.16 4.24 
RF4_IIIb 5.09 5.03 4.29 3.22 3.82 4.65 9.00 4.46 3.99 4.59 7.41 6.90 4.33 4.71 4.65 
RF5_IIIb 3.19 5.82 5.61 3.81 2.93 5.34 7.17 2.92 2.86 3.73 5.54 4.95 4.05 3.78 3.71 
RF6_IIb 7.95 2.71 3.90 5.20 6.85 6.17 10.76 7.77 6.68 6.74 8.87 9.05 5.78 6.48 6.11 
ROlIIIb 6.03 5.12 4.15 4.33 4.04 3.32 873 5.07 5.76 5.04 7.37 7.19 2 83 4.73 3.39 
SUlIa 6.56 11.75 12.07 10.95 8.90 11.17 7.10 7.63 8.86 9.30 6.20 7.28 9 35 8.72 9.42 
SYllb 4.88 10.50 10.01 8.43 6.03 8.67 3.82 4.93 6.07 7.19 4.62 6.12 6.90 6.35 6.62 
SY2_IIa 9.03 6.09 5.15 6.70 7.19 5.12 10.87 8.25 7.37 7.26 9.54 10.13 5.94 6.79 6.23 
SY3_IIa 10.76 5.92 6.07 8.29 9.11 6.91 12.18 968 9.44 8.57 10.67 11.60 7.28 8.29 7.55 
TAl_IIIb 3.35 6.48 5.66 4.61 4.12 5.84 8.01 4.53 4.13 6.11 6.57 5.63 5.25 5.62 5.36 
TA2_IIIb 5.78 8.14 7.54 6.37 4.47 4.91 8.41 4.75 6.00 5.26 7.26 6.76 4.50 5.26 5.14 
TUlIc 3.81 8.13 7.94 6.75 4.53 6.83 7.15 3.86 6.06 5.84 6.00 5.05 5.10 5.84 5.25 
TU2_Ic 3.08 9.05 8.74 7.36 5.18 8.09 6.44 4.18 6.15 6.54 5.36 4.85 6.48 6.29 6.41 
TU3_IIIb 4.23 7.12 6.55 3.64 2.93 5.43 8.08 359 3.51 4.13 6.88 6.69 4.89 4.20 4.71 
TU4_IIIb 4.67 5.76 4.96 3.39 4.19 536 8.21 3.76 4.59 4.83 6.80 6.60 5.12 4.91 4.73 
TU5_IIIb 4.89 5.79 5.51 2.84 4.33 6.04 8.61 4.01 4.63 5.11 7.50 7.56 5.22 5.30 5.21 
UK2_IIIb 5.45 6.96 6.07 4.91 3.29 3.69 8.15 3.96 4.72 3.33 7.22 6.54 3.37 4.09 3.41 
UK3_IIIa 7.55 6.12 5.42 5.38 5.36 5.44 883 6.45 6.51 5.67 8.51 8.31 4.35 6.28 4.23 
USIIIIb 5.04 5.73 5.51 4.75 4.21 5.21 7.72 3.28 4.84 5.38 6.15 6.40 4.17 4.82 4.36 
USIOJIIb 4.69 7.70 6.60 5.28 2.95 5.57 696 3.66 4.59 5.14 6.70 5.74 4.11 5.36 4.15 
US 11 llla 6.53 6.39 6.17 5.29 4.41 5.53 8.10 5.25 5.61 4.66 7.44 7.06 3.79 5.51 3.86 
US4_IIIa 7.24 6.18 5 38 4.90 4.93 5.10 8.82 6.26 5.95 5.16 8.23 7.88 4.38 5.94 4.20 
US7_IIIa 6.90 6.54 5.56 5.17 4.69 4.63 8.06 5.52 5.64 4.60 7.58 7.41 4.18 5.49 3 92 
US9_IIIb 5.92 6.92 6.19 5.50 3.88 3.42 8.71 4.74 5.71 4.68 7.13 6.55 3.94 4.40 3.70 
US 19_IIIb 5.74 5.40 5.47 4.57 4.61 5.14 7.30 4.01 5.16 5.02 6.05 6.70 3.83 4.55 3.39 
UZ1 Illb 6.57 7.60 6.62 5.88 4.84 3.51 8.79 5.14 6 39 5.22 7.76 7.12 4.22 5.15 4.44 
Table 2A. (continued). 
Population GE5_IIIb GE6_IIIb GEOlJIIb INllIb IN7_Ib IN9_Ib KA3_IIIb MEl_IIIa ME14_IIIa ME2_Ic MH4Ic ME5 Ilia ME7_Ic NT2_Ic OM2_Ib 
AFIIIIb 
ARlIIb 
AR2_IIb 
AZIIIIb 
AZ2 Illb 
BUlIIIb 
CA2_Ic 
CH2_IIIb 
CHLIIIIb 
CZ2_IIIb 
ETIJc 
ET2_Ic 
FRIIIIb 
FR2IIIb 
GE2 Illb 
GE5_IIIb 0.00 
GE6_IIIb 2.80 0.00 
GEOlJIIb 6.42 5.01 0.00 
INI l_Ib 7.20 6.24 8.07 0.00 
IN7_Ib 7.88 6.76 7.59 3.79 0.00 
IN9_Ib 8.43 7.50 9.26 3.15 3.64 0.00 
KA3_IIIb 5.08 4.70 5.33 7.94 838 9.01 0.00 
MElJIIa 4.14 4.08 6.52 8.19 7.66 9.04 5.48 0.00 
ME14_IIIa 4.44 4.83 6.76 10.14 10.01 10.96 4.67 3.71 0.00 
ME2_Ic 5.05 3.64 6.27 4.09 5.41 5.78 6.20 5.42 7.38 0.00 
ME4_Ic 4.68 3.56 668 5.12 6.07 6.55 5.84 4.91 6.54 2.53 0.00 
ME5_IIIa 4.90 5.45 7.46 10.13 10.03 10.94 4.80 3.68 2.66 7.41 6.65 0.00 
ME7_Ic 4.66 3.14 6.32 5.24 6.18 6.46 5.62 4.69 6.38 2.30 1.45 6.35 0.00 
NT2_Ic 6.77 6 36 9.73 4.51 5.88 5.48 8.70 7.09 9.36 4.72 4.73 9.03 4.91 0.00 
OM2_Ib 7.61 6.41 8.50 3.03 4.06 2.15 8 32 8.17 10.03 4.64 563 10.15 5.43 5.10 
OM8_Ib 7.92 6.79 8.85 3.29 3.96 2.02 8.33 8.23 10.12 5.14 5.87 10.17 5.71 5.12 
PA1 Ib 7.52 5.94 6.72 3.51 5.18 4.45 7.21 8.54 9.84 4.58 5.45 10.03 5.20 6.78 
Table 2A. (continued). 
Population GE5_IIIb GE6_IIIb GEO 1 Illb INllJb IN7_Ib IN9_Ib KA3_IIIb MEl_IIIa MEMIIIa ME2_Ic ME4_Ic ME5_IIIa ME7_Ic NT2_Ic OM2_Ib 
POlIIIb 2.28 2.53 4.71 6.29 6.53 7.51 4.45 4.36 4.94 4.44 4.63 5.43 4.53 6.86 6.77 
RF2JIIb 5.26 3.88 5.10 5.09 5.79 5.94 4.61 5.98 6.77 4.07 4.11 7.35 3.80 7.03 5.03 
RF3_IIIb 4.69 4.29 4.88 7.33 8.04 8.41 2.44 5.95 5.08 5.82 5.60 5.50 5.33 8.45 7.74 
RF4_IIIb 4.97 4.50 3.87 822 8.71 9.40 2.99 6.03 5.26 6.41 6.58 5.99 6.12 9.45 8.66 
RF5_IIIb 3.96 3.19 4.04 6.46 7.14 7.47 4.04 5.37 5.61 4.70 5.03 6.10 4.43 7.61 659 
RF6_IIb 632 7.22 6.75 10.46 10.62 11.21 6.36 7.82 6.55 8.83 8.66 7.42 862 11.22 10.76 
ROlJIIb 3.76 4.19 5.72 8.65 8.22 9.41 4.77 4.30 3.77 6.56 6.27 4.84 6.24 9.10 8.67 
SUlIa 886 8.07 10.71 5.77 7.59 5.84 10.04 993 11.54 7.16 7.25 11.63 7.07 6.53 5.23 
SYl_Ib 6.38 5.04 802 3.06 4.86 4.31 7.73 7.20 9.19 3.47 4.29 9.07 4.08 3.84 3.32 
SY2_IIa 6.51 7.34 8.26 10.42 10.75 11.24 5.78 8.03 6.67 893 886 6.79 8.84 10.90 10.98 
SY3JIa 7.59 8.93 9.72 12.04 12.02 12.86 8.15 8.85 7.62 10.71 10.55 8.23 10.68 12.05 12.58 
TAlIIIb 5.72 4.51 4.25 688 7.43 7.84 4.27 6.61 6.48 5.28 5.24 7.35 5.02 8.77 6.91 
TA2_IIIb 5.00 4.51 7.15 8.25 8.64 9.41 5.31 5.43 5.59 6.19 5.58 5.74 5.48 8.69 8.38 
TUlJc 4.94 3.79 6.39 6.64 6.67 7.29 6.29 5.01 6.58 487 4.72 6.75 4.31 7.06 6.07 
TU2_Ic 6.14 4.76 7.05 5.39 5.42 5.10 7.14 6.47 8.06 4.92 5.03 825 4.43 6.23 4.27 
TU3_IIIb 508 4.04 3.46 7.54 7.95 8 86 4.44 6.14 5.80 5.72 5.84 6.48 5.51 8.86 7.87 
TU4_IIIb 5.06 4.63 3.95 7.45 7.05 8.06 4.52 5.71 5.74 6.27 6.57 6.50 6.19 8.53 7.56 
TU5_IIIb 5.39 5.10 3.92 7.62 7.49 8.55 4.93 5.87 6.12 6.02 6.51 6.72 6.21 9.04 8.00 
UK2_IIIb 3.85 3.29 5.84 8.14 8.52 9.20 3.93 4.47 4.23 5.65 5.75 4.18 5.20 8.35 8.15 
UK3_IIIa 4.69 5.24 6.70 9.94 9.59 10.80 5.89 3.37 3.07 7.08 6.86 3.90 6.72 9.20 9.84 
USIIIIb 4.06 3 96 4.92 6.73 6 85 8.16 4.99 5.12 5.92 5.29 5.41 6.56 5.34 7.92 7.59 
USIOJIIb 4.36 2.87 5.33 7.26 7.15 8 26 4.84 3.48 4.85 4.26 4.08 4.49 3.46 7.26 7.29 
USH Ilia 3.75 4.43 6.74 899 8.93 9.90 5.37 2.58 3.32 6.13 5.61 2.71 5.32 8.17 9.04 
US4_IIIa 4.59 5.26 6.67 9.90 9.61 10.67 5.11 3.57 2.53 7.20 6.61 2.59 6.44 9.16 9.84 
US7_IIIa 4.10 4.68 682 9.18 9.03 10.02 4.37 292 2.37 6.69 6.09 1.85 5.85 8.13 9.22 
US9_IIIb 4.01 3.76 5.62 8.92 8.67 9.88 5.32 5.03 4.26 6.76 6.39 5.65 6.29 9.19 8.79 
UW2_IIIb 3.22 4.12 5.40 7.02 6.83 8.21 5.54 4.44 5.50 5.45 5.67 5.94 5.70 7.53 7.62 
UZ1 Illb 4.67 4.59 6.82 8.77 8.68 9.78 5.07 5.24 5.21 6.75 6.56 5.22 6.40 9.12 8.80 
Table 2A. (continued). 
Population OM8_Ib PAlJb POlJIIb RF2_IIIb RF3_IIIb RF4_IIIb RF5_IIIb RF6_IIb ROlJIIb SUIJa SYlJb SY2JIa SY3_IIa TAlJIIb TA2_IIIb 
AFlIIIb 
ARlIIb 
AR2 lib 
AZIJIIb 
AZ2IIlb 
BUI Illb 
CA2Jc 
CH2 Illb 
CHLlJIIb 
CZ2_IIIb 
ETIJc 
ET2_Ic 
FRIIIIb 
FR2 IIIb 
GE2 Illb 
GE5_IIIb 
GEÔJIIb 
GEOlJIIb 
INI 1 lb 
IN7_Ib 
IN9Jb 
KA3IIIb 
MElJIIa 
MEMIIIa 
ME2Ic 
ME4_Ic 
MESJIla 
ME7Jc 
NT2Ic 
OM2Jb 
OM8Jb 0.00 
PAlJb 4.09 0.00 
Vl 
Table 2A. (continued). 
Population OMBIb PAlJb POl IIlb RF2IIIb RF3IIIb RF4IIIb RFSJIIb RF6IIb ROlJIIb SUIJa SYlJb SY2JIa SY3JIa TAlJIIb TA2_IIIb 
POl Illb 7.13 6.43 0.00 
RF2_IIIb 5.27 3 83 4.31 0.00 
RF3_IIIb 7.87 6.49 3.77 3.90 0.00 
RF4_IIIb 8.87 7.15 4.09 4 62 2 82 0.00 
RF5_IIIb 6.94 5.37 2 98 3.23 2.95 2.76 0.00 
RF6_IIb 10.99 988 6.04 7.54 6.05 5.22 6.07 0.00 
ROllIIb 892 8.40 3.47 5.40 4.65 4.72 4.75 5.70 0.00 
SUIJa 5.12 5.72 8.93 729 9 70 10.20 8.23 12.22 10.80 0.00 
SYl_Ib 3.71 4.04 593 5 32 7.37 8.11 6.11 10.60 8.27 4.70 0.00 
SY2_IIa 10.93 10.36 650 8.18 6.09 6 06 7.21 563 6.17 12.80 10.49 0.00 
SY3_IIa 12.47 12.36 789 10.10 8.34 7.82 8 84 5.57 7.22 13.94 12.16 4.23 0.00 
TAlIIIb 7.23 5.11 4.70 2.32 3 39 3.74 3.20 660 5.25 9.04 7.11 7 69 966 0.00 
TA2_IIIb 8.61 7.97 5.09 5 58 5.41 6.17 5.76 865 4.81 9.47 7.17 8.60 10.33 6.08 0.00 
TUl_Ic 6.21 5.71 4.93 4.47 6.23 6.31 4.59 8.77 5.72 6.57 5.08 9.21 10.47 5 52 528 
TU2_lc 428 4.57 5.65 4.46 6 68 7.09 4.98 9.44 7.20 4.95 3.90 10.02 11.47 608 676 
TU3_IIlb 8.26 6.43 3 69 4 69 3.61 3.70 3.32 6.61 5.27 9.48 7.00 8.02 9.66 4.29 5.18 
TU4_IlIb 7.66 6.92 3.53 4.82 3 78 3 29 3.00 5.79 4.92 9.74 7.51 688 7.90 4.67 6.99 
TUSJIIb 8.15 7.09 3.91 5.20 4.22 3.65 3.49 5.55 5.19 9.92 769 7.23 829 4.90 6.67 
UK2_IIIb 8.42 7.66 3.73 5 29 3.99 4.22 3.99 7.35 3.90 9.78 7.03 6.78 8.70 5.41 3.54 
UK3_IIIa 10.11 9.87 4.91 7.14 6.16 5 94 5 89 6.71 368 11.91 9.21 7.46 7.97 6.92 668 
USIJIIb 7.66 6 88 3.31 4.41 4.39 4.08 3.78 6.19 4.28 9.22 6.93 660 7.43 4.69 5.50 
USlOJIlb 7.56 6.77 3 98 4 68 4.89 5.31 4.33 8.07 4.41 9.23 6.01 786 986 5.19 4.20 
US 11 Ilia 9.21 8.96 4.34 6.40 5.55 5 80 5.20 7.12 3.96 10.46 7.92 7.44 8.61 6.66 5.14 
US4_IIIa 10.04 9.71 4.75 6.91 5 38 5.76 5.70 669 3.81 11.83 9.14 7.11 828 672 6.15 
US7_IIIa 927 9 31 4.40 6 58 4.97 5.44 5.41 7.16 4.18 11.04 8 33 6.70 7.96 6.76 5.68 
US9_IIIb 9 12 8.48 3.76 5.74 5.15 5.06 4 89 7.11 3.43 10.51 8.06 7.58 8.54 5.57 4.44 
UW2_IIIb 7.80 7.47 2.53 5.25 4.96 4.87 4.06 5.79 3.70 9.64 7.11 6.51 689 5.55 6.19 
UZ1 Illb 9.11 8 58 4.56 6.07 5.40 5.81 5.71 8.13 3.81 10.68 7.93 7.56 924 6.28 3.02 
Table 2A. (continued). 
Population TU1 Je TU2_Ic TUSJIIb TU4_IIIb TUSJIIb UK2JIIb UK3JIIa USIJIIb USIOJIIb USllJIIa US4JIIa ÛSTjîïâ US9JIIb US19JIIb UZlJIIb 
AFlIIIb 
ARlJIb 
AR2IIb 
AZIJIIb 
AZ2IIIb 
BUI Illb 
CA2Ic 
CH2JIIb 
CHLl_IIIb 
CZ2IIIb 
ETIJc 
ET2Jc 
FRIJIIb 
FR2IIIb 
GE2IIIb 
GE5_IIIb 
GE6_IIIb 
GEOlJIIb 
INI 1 Jb 
IN7 lb 
IN9_Ib 
KA3JIIb 
MElJIIa 
ME14IIIa 
ME2Jc 
ME4_Ic 
ME5_IIIa 
MEVJc 
NT2IC 
OM2_Ib 
OM8_Ib 
PA1 lb 
Table 2A. (continued). 
Population TUl_Ic TU2_Ic TU3_IIIb TU4_IIIb TU5_IIIb UK2_IIIb UK3_IIIa USIJIIb USIOJIIb USllJIIa US4_IIIa US7_IIIa US9_IIIb US19_IIIb UZlJIIb 
POl Illb 
RF2_IIIb 
RF3IIIb 
RF4_IIIb 
RF5IIIb 
RF6_IIb 
ROI Illb 
SUIJa 
SYl_Ib 
SY2JIa 
SY3IIa 
TAlJIIb 
TA2 II Ib 
TUlJc 0.00 
TU2Jc 3.31 0.00 
TU3JIIb 5.74 6.27 0.00 
TU4IIIb 6.15 6.12 4.08 0.00 
TU5_IIIb 6.32 6.45 3.59 2.74 0.00 
UK2IIIb 5.03 6.45 4.43 5.06 5.31 0.00 
UK3JIIa 6.75 8.44 6.52 6.09 6.26 5.01 0.00 
USIJIIb 5.36 6.25 4.82 3.90 187 4.72 622 0.00 
USlOIIIb 4.04 5.47 4.85 5.71 5.67 3.21 5.01 5.00 0.00 
USllJIIa 5.32 7.03 5.82 6.12 5.84 4.02 3.14 5.56 3.47 0.00 
US4JIIa 6.76 826 6.00 6.03 6.21 4.73 2.25 6.40 4.61 2.47 0.00 
USVJIIa 6.34 7.67 5.91 5.54 6.13 3.98 3.17 5.85 4.34 2.74 2.12 0.00 
US9IIIb 5.49 7.04 4.54 5.01 5.77 3.80 5.13 4.76 4.90 5.20 5.15 4.84 0.00 
UW2JIIb 5.41 6.55 5.27 3.96 4.18 4.93 4.93 2.60 5.06 4.64 5.25 5.00 4.68 
UZ1 Illb 5.80 7.57 5.62 6.40 6 80 2.94 5.74 5.43 4.35 5.04 5.40 4.90 3.45 
00 
0.00 
5.43 0.00 
Table 3A. Modified Rogers' distance matrix from 80 AFLP polymorphisms among 60 coriander populations. 
Population AFl IIIb KA3_IIIb AZlJIIb BUlJIIb CA2Jc CHLlJIIb CH2JIIb CZ2JIIb ETl Ic ET2Jc GEOlJIIb AZ2_IIIb AR2JIb FRIJIIb FR2JIIb 
AFIJIIb 0.00 
KA3_IIIb 0.61 0.00 
AZlJIIb 0.54 0.38 0.00 
BUI Illb 0.54 0.45 0.45 0.00 
CA2Jc 0.67 0.40 0.45 0.52 0.00 
CHLlJIIb 0.66 0.41 0.45 0.50 0.35 0.00 
CH2JIIb 0.62 0.38 0.41 0.49 0.42 0.48 0.00 
CZ2JIIb 0.56 0.37 0.45 0.45 0.45 0.48 0.44 0.00 
ETIJc 0.33 0.66 0.60 0.57 0.72 0.68 0.66 0.58 0.00 
ET2Jc 0.37 0.56 0.48 0.50 0.59 0.61 0.59 0.44 0.39 0.00 
GEOlJIIb 0.41 0.46 0.39 0.42 0.47 0.47 0.44 0.39 0.39 0.32 0.00 
AZ2JIIb 0.70 0.33 0.45 0.46 0.36 0.37 0.43 0.41 0.75 0.61 0.49 0.00 
AR2IIb 0.68 0.43 0.40 0.45 0 33 0.38 0.44 0.46 0.71 0.59 0.41 0.38 0.00 
FRIJIIb 0.74 0.36 0.45 0.45 0.41 0.41 0.41 0.47 0.79 0.66 0.54 0.28 0.42 0.00 
FR2IIIb 0.69 0.39 0.48 0.46 0.45 0.44 0.41 0.44 0.70 0.62 0.50 0.40 0.46 0.38 0.00 
GE2IIIb 0.52 0.40 0.48 0.42 0.45 0.43 0.43 0.36 0.46 0.42 0.34 0.43 0.47 0.46 0.42 
GE5JlIb 0.43 0.49 0.52 0.46 0.56 0.53 0.54 0.38 0.39 0.37 0.36 0.56 0.58 0.61 0.53 
GE6_IIIb 0.54 0.39 0.40 0.38 0.47 0.45 0.49 0.40 0.60 0.50 0.42 0.46 0.44 0.49 0.47 
IN7_Ib 0.71 0.39 0.49 0.52 0.41 0.41 0.45 0.45 0.71 0.62 0.47 0.39 0.40 0.42 0.44 
IN9_Ib 0.70 0.35 0.43 0.50 0.37 0.37 0.39 0.44 0.74 0.62 0.48 0 28 0.39 0.33 0.38 
INI l ib 0.71 0.35 0.46 0.49 0.39 0.43 0.42 0.44 0.71 0.60 0.46 0.36 0.39 0.34 0.37 
ARlJIb 0.70 0.38 0.48 0.52 0.33 0.39 0.43 0.47 0.75 0.64 0.50 0.34 0.36 0.37 0.47 
ME1 Jlla 0.72 0.37 0.45 0.45 0.40 0.41 0 39 0.43 0.75 0.63 0.49 0.26 0.40 0.23 0.39 
ME2_Ic 0.52 0.38 0.42 0.43 0.44 0.41 0.42 0.41 0.56 0.47 0.40 0.43 0.44 0.46 0.45 
ME4Jc 0.51 0.38 0.44 0.44 0.44 0.43 0.46 0.36 0.55 0.45 0.40 0.41 0.47 0.47 0.47 
MESJIIa 0.38 0.47 0.43 0.42 0.52 0.49 0.49 0.44 0.35 0.36 0.32 0.54 0.51 0.58 0.54 
ME7Ic 0.36 0.53 0.44 0.47 0.53 0.56 0.53 0.47 0.43 0.40 0.37 0.57 0.53 062 0.57 
ME14JIIa 0.58 0.42 0.37 0.47 0.43 0.46 0.41 0.48 0.67 0.58 0.43 0.39 0.43 0.44 0.45 
NT2Jc 0.64 0.33 0.44 0.45 0.34 0.41 0.42 0.42 0.69 0.61 0.49 0.34 0.41 0.39 0.40 
OM2_Ib 0.64 0.39 0.50 0.50 0.44 0.49 0.45 0.40 0.67 0.56 0.46 0.36 0.44 0.45 0.39 
OM8_Ib 0.68 0.41 0.50 0.54 0.40 0.42 0.47 0.44 0.72 0.62 0.49 0.34 0.39 0.46 0.41 
PAlJb 0.67 0.38 0.48 0.47 0.40 038 0.46 0.41 0.69 0.55 0.45 0.32 0.39 0.39 0.45 
Table 3A. (contmed). 
Population AFIJIIb KA3_IIIb AZ1 Illb BUlJIIb CA2 Ic CHLl Jllb CH2IIIb CZ2IIIb ETIJc ET2Jc GEOl Jllb AZ2 Illb AR2JIb FRlIIIb FR2_IIIb 
POl Illb 069 0.39 0.51 0.46 0.37 0.36 0.43 0.38 0.73 0.59 0.48 0.29 0.40 0.30 0.38 
ROlJIIb 068 0.37 0.46 0.42 0.40 0.41 0.44 0.37 0.74 0.61 0.49 0.26 0.40 0.28 0.43 
RF2_IIIb 0.61 0.37 0.48 0.46 0.38 0.39 0.42 0.34 0.64 0.53 0.42 0.34 0.44 0.42 0.43 
RF3_IIIb 0.38 0.51 0.41 0.44 0.53 0.54 0.47 0.49 0.42 0.41 0.27 0.56 0.50 0.59 0.56 
RF4_IIIb 0.69 0.38 0.46 0.48 0.37 0.40 0.43 0.49 0.72 0.64 0.48 0.32 0.38 0.36 0.43 
RF5_IIIb 0.71 0.37 0X6 0.50 0.36 0.38 0.41 0.45 0.70 0.60 0.44 0.31 0.37 0.37 0.41 
RF6IIb 0.57 0.37 0.47 0.49 0.41 0.45 0.45 0.44 0.58 0.52 0.41 0.47 0.44 0.52 0.45 
SUIJa 0.73 0.37 0.49 0.53 0.36 0.34 0.44 0.43 0.74 0.63 0.51 0.31 0.41 0.34 0.44 
SYllb 0.65 0.40 0.43 0.49 0.44 0.43 0.47 0.47 0.68 0.61 0.47 0.37 0.43 0.43 0.48 
SY2JIa 0.71 0.41 0.52 0.50 0.43 0.43 0.51 0.43 0.74 0.61 0.52 0.30 0.44 0.41 0.47 
SY3IIa 0.58 0.38 0.44 0.44 0.44 0.42 0.45 0.37 0.58 0.47 0.39 0 38 0.42 0.45 0.45 
TAlJIIb 0.46 0.41 0.49 0.44 0.51 0.48 0.47 0.36 0.43 0.42 0.36 0.47 0.53 0.51 0.48 
TA2IIIb 0.58 0.42 0.50 0.40 0.50 0.52 0.50 0.39 0.61 0.51 0.45 0.45 0.51 0.46 0.44 
TUlJc 0.75 0.37 0.49 0.55 0.36 0.37 0.46 0.48 0.76 0.66 0.51 0.33 038 0.33 0.43 
TU2IC 0.75 0.40 0.50 0.54 0.36 0.40 0.47 0.50 0.77 0.67 0.54 0.31 0.40 0.30 0.44 
TU3IIIb 0.72 0.40 0.47 0.52 0.41 0.43 0.47 0.47 0.72 0.64 0.47 0.38 0.32 0.38 0.47 
TU4JIIb 0.75 0 38 0.48 0.54 0.39 0.40 0.43 0.50 0.79 0.66 0.53 0.31 0.39 0.30 0.45 
TUSJIIb 0.64 0.33 0.47 0.46 0.38 0.41 0.40 0.40 0.67 0.58 0.44 0.33 0.39 0.36 0.41 
UK2_IIIb 0.73 0.42 0.53 0.47 0.40 0.42 0.46 0.42 0.74 0.64 0.50 0.31 0.42 0.29 0.44 
UK3_IIIa 068 0.42 0.50 0.47 0.44 0.45 0.43 0.45 0.70 0.62 0.49 0.38 0.48 0.34 0.42 
USIJIIb 0.36 0.54 0.44 0.49 0.60 0.58 0.51 0.52 0.35 0.43 0.33 0.64 0.55 0.66 0.61 
US4IIIa 0.72 0.37 0.45 0.46 0.39 0.40 0.38 0.46 0.77 0.65 0.50 0.27 038 0.23 0.38 
US7_IIIa 0.66 0.30 0.39 0.44 0.40 0.39 0.40 0.36 0.68 0.56 0.45 0.33 0.39 0.32 0.41 
US9_IIIb 0.61 0.32 0.40 0.41 0.41 0.45 0.38 0.33 0.66 0.53 0.43 0.33 0.43 036 0.37 
US 10 Illb 0.49 0.40 0.45 0.45 0.45 0.45 0.44 0.34 0.52 0.41 0.37 0.43 0.48 0.48 0.46 
USllJIIa 0.65 0.47 0.39 0.52 0.42 0.46 0.40 0.50 0.69 0.60 0.45 0.45 0.42 0.40 0.45 
UZlJIIb 0.73 0.38 0.48 0.46 0.36 0.41 0.45 0.45 0.77 0.64 0.51 0.29 0.38 0.26 0.42 
US 19 Illb 0.59 0.45 0.45 0.53 0.52 0.51 0.39 0.46 0.58 0.55 0.41 0.54 0.47 0.55 0.52 
Table 3A. (continued). 
Population GE2_IIIb GE5_IIIb GE6_IIIb IN7_Ib IN9_Ib INllJb ARIJIb MEl_IIIa ME2Jc ME4_Ic MESJIIa ME7_Ic ME14_IIIa NT2_Ic OM2_Ib 
AFl_IIIb 
KA3_IIIb 
AZlJIIb 
BUlIIIb 
CA2_Ic 
CHLlJIIb 
CH2JIIb 
CZ2JIIb 
ETIJc 
ET2Jc 
GEOlJIIb 
AZ2IIIb 
AR2JIb 
FRlIIIb 
FR2 Illb 
GE2IIIb 0.00 
GE5JIIb 0.32 0.00 
GE6IIIb 0.46 0.46 0.00 
IN7_Ib 0.46 0.58 0.47 0.00 
IN9_Ib 0.43 0.57 0.50 0.31 0.00 
INll_Ib 0.42 0.54 0.46 0.33 0.31 0.00 
ARIJIb 0.47 0.58 0.52 0.43 0.37 0.43 0.00 
MElIIIa 0.43 0.59 0.48 0.41 0.33 0.32 0.37 0.00 
ME2Jc 0.38 0.46 0.42 0.46 0.45 0.46 0.44 0.46 0.00 
ME4_Ic 0.38 0.40 0.42 0.49 0.46 0.47 0.45 0.47 0.31 0.00 
MESJIIa 0.31 0.32 0.45 0.56 0.55 0.52 0.57 0.54 0.39 0.38 0.00 
ME7Jc 0.48 0.46 0.44 0.57 0.58 0.60 0.58 0.60 0.41 0.43 0.40 0.00 
ME14JIIa 0.50 0.57 0.42 0.45 0.42 0.44 0.51 0.43 0.47 0.50 0.53 0.45 0.00 
NT2_Ic 0.44 0.53 0.44 0.43 0.34 0.39 0.35 0.38 0.44 0.43 0.52 0.51 0.41 0.00 
OM2_Ib 0.42 0.47 0.49 0.45 0.39 0.44 0.39 0.43 0.43 0.40 0.51 0.52 0.49 0.39 0.00 
OM8_Ib 0.46 0.55 0.50 0.42 0.36 0.42 0.36 0.42 0.46 0.45 0.53 0.57 0.48 0.41 0.30 
PAlIb 0.43 0.53 0.45 0.36 0.33 0.40 0.35 0.42 0.39 0.42 0.53 0.53 0.48 0.40 0.39 
Table 3A. (continued). 
Population GE2_IIIb GESJIIb GE6JIIb IN7_Ib IN9_Ib INI 1 Jb ARlIIb ME1 Ilia ME2Jc ME4IC MESJIIa ME7Jc ME14 IIIa NT2Jc OM2_Ib 
POl Illb 0.40 0.53 0.43 038 0.31 0.32 0.39 0.29 0.42 0.44 0.54 0.57 0.43 0.37 0.42 
ROlJIIb 0.45 0.54 0.43 0.44 0.36 0.38 0.38 0.30 0.44 0.42 0.54 0.56 0.43 0.37 0.41 
RF2_IIIb 0.39 0.47 0.47 0.37 0.35 0.38 0.35 0.39 0.38 0.36 0.47 0.52 0.49 0.37 0.39 
RF3_IIIb 0.43 0.46 0.47 0.56 0.54 0.57 0.55 0.55 0.45 0.46 0.36 0.33 0.42 0.50 0.52 
RF4_IIIb 0.42 0.59 0.51 0.40 0.31 0.39 0.37 0.38 0.46 0.46 0.54 0.56 0.43 0.33 0.43 
RF5_IIIb 0.39 0.55 0.49 0.40 0.30 0.33 0.39 0.33 0.45 0.47 0.52 0.59 0.46 0.40 0.43 
RF6_IIb 0.40 0.47 0.46 0.43 0.45 0.47 0.41 0.52 0.38 0.44 0.48 0.46 0.49 0.41 0.40 
SUIJa 0.42 0.58 0.50 0.33 0.31 0.38 0.38 0.35 0.46 0.46 0.56 0.58 0.46 0.40 0.44 
SYllb 0.49 0.57 0.44 0.42 0.43 0.47 0.45 0.42 0.45 0.45 0.55 0.52 0.37 0.45 0.47 
SY2JIa 0.46 0.56 0.47 0.42 0.41 0.42 0.39 0.39 0.46 0.44 0.57 0.59 0.51 0.45 0.39 
SY3JIa 0.36 0.47 0.42 0.43 0.42 0.41 0.45 0.42 0.29 0.33 0.41 0.48 0.47 0.47 0.40 
TAl_IIIb 028 0.28 0.48 0.50 0.47 0.47 0.49 0.49 0.40 0.37 0.31 0.48 0.56 0.46 0.40 
TA2IIIb 0.40 0.44 0.43 0.54 0.51 0.50 0.50 0.47 0.43 0.38 0.45 0.48 0.49 0.45 0.44 
TUlJc 0.45 0.60 0.50 0.28 028 0.36 0.38 0.36 0.46 0.48 0.58 0.60 0.45 0.37 0.41 
TU2_Ic 0.46 0.60 0.51 0.41 0.35 0.35 0.37 0.35 0.48 0.50 0.57 0.62 0.48 0.39 0.42 
TU3JIIb 0.47 0.59 0.51 0.42 0.38 0.38 0.32 0.41 0.49 0.48 0.55 0.60 0.51 0.41 0.42 
TU4_IIIb 0.48 0.62 0.51 0.41 0.32 0.37 0.36 0.34 0.47 0.50 0.58 0.62 0.48 0.41 0.43 
TU5_IIIb 0.40 0.50 0.46 0.41 0.37 0.40 0.29 0.38 0.41 0.41 0.50 0.55 0.46 0.35 0.32 
UK2JIIb 0.43 0.57 0.49 0.42 0.37 0.37 0.37 0.31 0.45 0.46 0.57 0.57 0.47 0.35 0.41 
UK3JIIa 0.43 0.52 0.53 0.49 0.40 0.40 0.43 0.34 0.51 0.43 0.51 0.59 0.49 0.38 0.42 
USIJIIb 0.45 0.43 0.50 0.61 0.60 0.59 0.64 0.62 0.47 0.51 0.30 0.37 0.51 0.58 058 
US4JIIa 0.44 0.61 0.48 0.37 028 0.35 0.38 0.26 0.46 0.49 0.56 0.61 0.40 0.38 0.44 
US7JIIa 0.41 0.49 0.41 0.34 0.34 0.32 0.38 0.33 0.41 0.42 0.47 0.55 0.44 0.38 0.41 
US 9 Illb 0.39 0.47 0.40 0.45 0.38 0.38 0.42 0.38 0.37 0.38 0.44 0.50 0.40 0.34 0.38 
US 10 Jllb 0.30 0.37 0.48 0.46 0.44 0.45 0.44 0.45 0.36 0.37 0.36 0.47 0.49 0.45 0.42 
USllJIIa 0.48 0.59 0.50 0.46 0.42 0.42 0.42 0.39 0.49 0.54 0.54 0.52 0.37 0.44 0.49 
UZlJIIb 0.46 0.59 0.49 0.44 0.36 0.33 0.35 028 0.48 0.46 0.55 0.58 0.43 0.34 0.44 
US 19 Jllb 0.46 0.52 0.52 0.49 0.50 0.52 0.50 0.53 0.45 0.45 0.43 0.53 0.54 0.53 0.48 
Table 3A. (continued). 
Population OM8_Ib PAlJb POl Jllb ROI Jllb RF2JIIb RF3JIIb RF4JIIb RF5JIIb RF6JIb SUIJa SYl_Ib SY2JIa SY3_IIa TAlJIIb TA2JIIb 
AFlIIIb 
KA3_IIIb 
AZlJIIb 
BUlJIIb 
CA2_Ic 
CHLlJIIb 
CH2JIIb 
CZ2JIIb 
ETIJc 
ET2IC 
GEOlJIIb 
AZ2IIIb 
AR2IIb 
FRIJIIb 
FR2IIIb 
GE2_IIIb 
GESIIIb 
GEôJIIb 
IN7Jb 
IN9_Ib 
INll_Ib 
ARIJIb 
ME1 Jlla 
ME2Jc 
ME4Jc 
MESJIIa 
ME7 Je 
ME14IIIa 
NT2Ic 
OM2_Ib 
OM8_Ib 0.00 
PA1 Ib 0.40 0.00 
-J U) 
Table 3 A. (continued). 
Population OM8_Ib PAlJb POlJIIb ROlJIIb RF2IIIb RF3_IIIb RF4_IIIb RF5_IIlb RF6_IIb SUl_Ia SYlJb SY2_IIa SY3JIa TAlJIIb TA2_IIIb 
POl Jllb 0.40 0.32 0.00 
ROI Jllb 0.42 0.38 0.30 0.00 
RF2IIIb 038 0.31 0.34 0.37 0.00 
RF3_IIIb 0.54 0.56 0.57 0.56 0.50 0.00 
RF4JIIb 0.39 0.37 0.38 0.39 0.39 0.49 0.00 
RF5IIIb 0.40 0.37 0.34 0.39 0.38 0.52 0.31 0.00 
RF6IIb 0.43 0.42 0.47 0.51 0.40 0.44 0.45 0.44 0.00 
SUIJa 0.42 0.31 0.33 0.37 0.38 0.59 0.35 0.36 0.47 0.00 
SYllb 0.46 0.42 0.42 0.40 0.46 0.51 0.40 0.45 0.49 0.40 0.00 
SY2JIa 0.40 0.31 0.37 0.36 0.36 0.60 0.42 0.43 0.49 0.35 0.41 0.00 
SY3JIa 0.42 0.35 0.38 0.40 0.34 0.48 0.45 0.42 0.43 0.41 0.42 0.34 0.00 
TA 1 Jllb 0.47 0.46 0.47 0.47 0.38 0.45 0.50 0.48 0.41 0.49 0.55 0.49 0.38 0.00 
TA2_IIIb 0.49 0.46 0.42 0.43 0.44 0.48 0.47 0.48 0.47 0.52 0.52 0.47 0.42 0.44 0.00 
TUlJc 0.39 0.36 0.36 0.39 0.42 0.58 0.33 0.37 0.46 0.25 0.40 0.41 0.44 0.51 0.52 
TU2_Ic 0.40 0.37 0.33 0.39 0.42 0.61 0.37 0.36 0.48 0.34 0.45 0.41 0.45 0.49 0.53 
TU3_IIIb 0.37 0.35 0.43 0.39 0.40 0.55 0.34 0.36 0.46 0.36 0.46 0.40 0.45 0.49 0.52 
TU4JlIb 0.42 0.38 0.33 0.36 0.42 0.58 037 0.36 0.49 0.35 0.45 038 0.43 0.52 0.51 
TU5_IIIb 0.32 0.36 0.37 0.36 0.36 0.49 0.36 0.39 0.37 0.40 0.44 0.37 0.40 0.41 0.42 
UK2_IlIb 0.44 0.35 0.26 0.27 0.39 0.59 0.36 0.39 0.51 0.34 0.41 0.36 0.41 0.49 0.45 
UKSJIIa 0.46 0.47 0.38 0.36 0.42 0.53 0.39 0.43 0.53 0.42 0.49 0.45 0.47 0.46 0.43 
USIJIIb 0.60 0.60 0.63 0.62 0.56 0.32 0.58 0.57 0.50 0.64 0.58 0.67 0.51 0.43 0.55 
US4IIIa 0.41 0.39 0.31 0.31 0.40 0.55 0.32 0.34 0.48 0.33 0.41 0.42 0.45 0.51 0.49 
USVJIIa 0.41 0.35 0.31 0.33 0.36 0.53 0.40 038 0.44 0.34 0.44 0.40 0.38 0.40 0.42 
US9JIIb 0.39 0.41 0.35 0.31 0.36 0.48 0.40 0.41 0.44 0.43 0.46 0.41 0.37 0.41 0.36 
US 10 Jllb 0.45 0.44 0.41 0.45 0.38 0.44 0.47 0.46 0.40 0.48 0.52 0.49 0.41 0.32 0.43 
USllJIIa 0.49 0.47 0.41 0.45 0.49 0.47 0.44 0.45 0.50 0.45 0.40 0.52 0.50 0.54 0.54 
UZlJIIb 0.42 0.41 0.29 0.27 0.40 0.56 0.38 0.35 0.50 0.38 0.44 0.41 0.45 0.52 0.43 
US 19 Jllb 0.49 0.51 0.55 0.54 0.48 0.48 0.52 0.50 0.47 0.49 0.54 0.57 0.45 0.45 0.53 
Table 3A. (continued). 
Population TUlJc TU2Jc TU3_IIIb TU4_IIIb TU5_IIIb UK2 Illb UK3_IIIa USIJIIb US4 IIIa US7JIIa US9JIIb US 10 Illb USllJIIa UZlJIIb US19JIIb 
AFIJIIb " 
KA3JIlb 
AZ1 Jllb 
BU 1 Illb 
CA2Jc 
CHLlJIIb 
CHlJIIb 
CZ2JIIb 
ETIJc 
ET2Jc 
GEOlJIIb 
AZ2JIIb 
AR2JIb 
FRIIIIb 
FR2IIlb 
GE2JIIb 
GESJIIb 
GE6JIIb 
IN7Jb 
IN9_Ib 
INllJb 
ARlIIb 
MElJIIa 
ME2Jc 
ME4Jc 
MESJIIa 
ME7Jc 
ME14_IIIa 
NT2Jc 
OM2Jb 
OM8Ib 
PA1 Ib 
Population TUlJc TU2Jc TU3_IIIb TU4IIIb TU5_IIIb UK2_IIIb UK3_IIIa USIJIIb US4 IIIa US7JIIa US9JIIb US 10 Illb USllJIIa UZlJIIb US 19Jllb 
POl Illb 
ROI Illb 
RF2JIIb 
RF3JIIb 
RF4IIIb 
RFSJIIb 
RFôJIb 
SUIJa 
SYlJb 
SY2 lia 
SY3JIa 
TA 1 Jllb 
TA2 Illb 
TUlJc 0.00 
TU2Jc 0.31 0.00 
TU3JIIb 0.37 0.37 0.00 
TU4JIIb 033 0.34 0.40 0.00 
TU5IIIb 0.37 0.37 0.32 0.37 0.00 
UK2JIIb 0.34 0 32 0.39 0.35 0.37 0.00 
UK3JIIa 0.42 0.42 0.42 0.43 0.37 0.34 0.00 
USIJIIb 0.64 0.65 0.60 0.65 0 58 0.65 0 62 0.00 
US4JIla 034 0.35 0 39 0 33 0 35 0 35 0 40 0.62 0.00 
US7JIIa 0.37 0.35 0.36 0 36 0 33 0 36 0.37 0.56 0 35 0.00 
US9JIIb 0.44 0.44 0.41 0.41 0 33 0 38 0.36 0.54 0.37 0.30 0.00 
US 10 Jllb 0.50 0.50 0.51 0.50 0 38 0.47 0.47 0.48 0.45 0.40 0 38 0.00 
USllJIIa 0.44 0.42 0.47 0.44 0.44 0.43 0.46 0 55 0.40 0.41 0.45 0.48 0.00 
UZlJIIb 0.37 0 35 0 36 0.32 0.35 0.27 0.34 0.64 0.34 0 34 0.34 0.48 0.43 
US 19 Illb 0.51 0 53 0.47 0.56 0.46 0 56 049 0.48 0.53 0.46 0.45 0.47 0 52 
Table 4A. Geographical distance matrix (in km) among 60 coriander populations. 
Population API Jllb KA3JIIb AZlIIIb BUI Illb CA2Jc CHLlJIIb CH2JIIb CZ2JIIb ETIJc ET2Jc GEOlJIIb AZ2IIIb AR2JIb FRIJIIb FR2 Illb 
AFlIIIb 0 
KA3_IIIb 880 0 
AZlJIIb 1818 1675 0 
BUI Jllb 3921 3664 2103 0 
CA2Jc 10219 9339 9451 8652 0 
CHLlJIIb 16336 16446 14774 12827 10517 0 
CH2IIIb 4239 3811 5418 7078 8076 18589 0 
CZ2JIlb 4543 4104 2775 1005 7670 12571 7093 0 
ETIJc 4307 4878 3695 3873 12523 12222 8541 4853 0 
ET2Jc 4307 4878 3695 3873 12523 12222 8541 4853 0 0 
GEOlJIIb 2383 2156 569 1544 9146 14296 5786 2215 3729 3729 0 
AZ2IIIb 2011 1871 200 1911 9423 14576 5597 2611 3614 3614 396 0 
AR2IIb 2227 2083 420 1697 9378 14362 5788 2427 3551 3551 241 220 0 
FRIJIIb 5770 5295 4007 2089 6990 11509 7987 1232 5657 5657 3445 3840 3652 0 
FR2JIIb 5824 5376 4043 2071 7132 11384 8140 1282 5550 5550 3477 3872 3677 191 0 
GE2 Illb 4779 4270 3062 1432 7237 12525 7037 433 5286 5286 2518 2912 2743 1032 1142 
GE5IIIb 4779 4270 3062 1432 7237 12525 7037 433 5286 5286 2518 2912 2743 1032 1142 
GE6JIIb 5121 4616 3393 1652 7093 12199 7328 664 5447 5447 2843 3238 3063 693 819 
lN7Jb 1000 1667 2805 4903 10815 16923 3966 5544 4701 4701 3373 2993 3205 6770 6824 
IN9Jb 1640 2350 3390 5462 11420 16887 4206 6157 4758 4758 3959 3568 3773 7387 7431 
INllJb 1640 2350 3390 5462 11420 16887 4206 6157 4758 4758 3959 3568 3773 7387 7431 
ARIJIb 2227 2083 420 1697 9378 14362 5788 2427 3551 3551 241 220 0 3652 3677 
MElJIIa 13891 13050 12616 11041 4023 6562 12029 10080 14225 14225 12144 12513 12383 8964 9011 
ME2Jc 13891 13050 12616 11041 4023 6562 12029 10080 14225 14225 12144 12513 12383 8964 9011 
ME4Jc 13896 13054 12622 11046 4025 6561 12030 10085 14231 14231 12150 12518 12389 8969 9017 
MESJIIa 13894 13053 12620 11044 4025 6560 12031 10083 14228 14228 12147 12516 12387 8967 9014 
ME7Jc 13894 13053 12620 11044 4025 6560 12031 10083 14228 14228 12147 12516 12387 8967 9014 
ME 14 Ilia 13912 13072 12630 11046 4055 6527 12064 10087 14217 14217 12156 12525 12395 8968 9014 
NT2Jc 5307 4799 3576 1802 6997 12034 7470 832 5559 5559 3025 3420 3244 525 670 
OM2 lb 1734 2461 2060 3686 11466 14832 5930 4589 2627 2627 2491 2136 2251 5769 5757 
OM8_Ib 1727 2454 2056 3686 11461 14839 5922 4588 2634 2634 2489 2133 2248 5769 5757 
PA1 lb 556 1432 2023 4080 10765 16093 4632 4798 3922 3922 2588 2195 2395 6030 6065 
i3_IIIb 
3760 
3333 
3298 
3298 
3298 
3298 
674 
5255 
2839 
2982 
3079 
481 
481 
2922 
2360 
2316 
2254 
2270 
5130 
5130 
11438 
11438 
11438 
10479 
10479 
10479 
270 
11438 
2_IIIb 
1627 
2111 
2420 
2420 
2420 
2420 
4714 
5161 
3342 
3387 
3439 
5652 
5652 
3011 
3449 
3398 
3626 
3657 
498 
498 
9063 
9063 
9063 
6915 
6915 
6915 
5361 
9063 
\Zl_IIIb BUI Jllb CA2Jc CHLlJIIb CH2JIIb CZ2JIIb ETIJc ET2Jc GEOlJIIb AZ2_IIIb AR2IIb 
2557 1158 7517 12986 6643 458 5019 5019 2023 2414 2253 
1934 602 8229 13239 6570 843 4330 4330 1372 1768 1585 
2561 2009 6995 13765 5723 1473 5678 5678 2168 2487 2406 
2561 2009 6995 13765 5723 1473 5678 5678 2168 2487 2406 
2561 2009 6995 13765 5723 1473 5678 5678 2168 2487 2406 
2561 2009 6995 13765 5723 1473 5678 5678 2168 2487 2406 
1082 2995 9120 15801 4335 3438 4584 4584 1507 1265 1465 
3906 3684 12250 11669 9004 4614 683 683 3834 3793 3690 
1166 1271 9635 13615 6568 2210 3032 3032 827 976 780 
1318 1327 9788 13483 6732 2298 2851 2851 1017 1136 952 
1427 1396 9907 13397 6845 2382 2715 2715 1154 1251 1076 
1748 3830 9820 16457 3986 4371 4594 4594 2288 1947 2167 
1748 3830 9820 16457 3986 4371 4594 4594 2288 1947 2167 
1265 946 9289 13524 6566 1854 3337 3337 784 1065 845 
699 1437 9346 14086 6043 2218 3462 3462 289 499 279 
686 1419 9220 14132 5964 2152 3596 3596 180 492 281 
580 1605 9485 14194 5977 2397 3382 3382 352 385 197 
596 1627 9541 14181 6005 2434 3326 3326 409 409 240 
3917 2105 6801 11742 7716 1162 5794 5794 3364 3760 3582 
3917 2105 6801 11742 7716 1162 5794 5794 3364 3760 3582 
11638 10754 2188 9071 9544 9756 14587 14587 11331 11611 11564 
11638 10754 2188 9071 9544 9756 14587 14587 11331 11611 11564 
11638 10754 2188 9071 9544 9756 14587 14587 11331 11611 11564 
10143 8805 1949 8714 9898 7805 12450 12450 9713 10060 9955 
10143 8805 1949 8714 9898 7805 12450 12450 9713 10060 9955 
10143 8805 1949 8714 9898 7805 12450 12450 9713 10060 9955 
1528 3577 9564 16293 4038 4082 4617 4617 2044 1727 1945 
11638 10754 2188 9071 9544 9756 14587 14587 11331 11611 11564 
0 
346 
5777 
6410 
6410 
2743 
9699 
9699 
9705 
9702 
9702 
9708 
530 
4949 
4947 
5073 
GE6IIIb IN7_Ib IN9_Ib INll_Ib ARIJIb MEl IIIa ME2 Ic ME4 Ic ME5 IIIa ME7_Ic ME14 IIIa NT2 Ic OM2 lb 
<1 <o 
0 
6120 0 
6750 683 0 
6750 683 0 0 
3063 3205 3773 3773 0 
9416 14663 15319 15319 12383 0 
9416 14663 15319 15319 12383 0 0 
9422 14667 15322 15322 12389 6 6 0 
9419 14666 15321 15321 12387 3 3 3 0 
9419 14666 15321 15321 12387 3 3 3 0 0 
9423 14687 15344 15344 12395 36 36 37 35 35 0 
185 6305 6935 6935 3244 9252 9252 9257 9255 9255 9258 0 
5248 2096 2286 2286 2251 14631 14631 14637 14635 14635 14642 5421 0 
5247 2089 2280 2280 2248 14629 14629 14635 14632 14632 14640 5420 8 
5409 909 1382 1382 2395 14383 14383 14387 14386 14386 14402 5593 1298 
516 
1176 
1321 
1321 
1321 
1321 
3620 
5043 
2602 
2703 
2793 
4575 
4575 
2241 
2558 
2478 
2735 
2777 
868 
868 
9325 
9325 
9325 
7392 
7392 
7392 
4275 
9325 
M2_Ib 
4481 
3772 
4618 
4618 
4618 
4618 
2422 
3164 
2415 
2385 
2359 
2079 
2079 
2750 
2397 
2490 
2221 
2176 
5749 
5749 
13643 
13643 
13643 
12196 
12196 
12196 
2192 
13643 
E6_IIIb IN7_Ib IN9_Ib INllJb ARIJIb MElIIIa ME2Jc ME4Ic MESJIIa ME7Ic ME14JIIa NT2Jc 
861 5261 5894 5894 2253 10153 10153 10159 10157 10157 10163 1046 
1483 4716 5321 5321 1585 10873 10873 10878 10876 10876 10882 1662 
1605 4928 5600 5600 2406 10073 10073 10079 10077 10077 10089 1753 
1605 4928 5600 5600 2406 10073 10073 10079 10077 10077 10089 1753 
1605 4928 5600 5600 2406 10073 10073 10079 10077 10077 10089 1753 
1605 4928 5600 5600 2406 10073 10073 10079 10077 10077 10089 1753 
3965 2208 2878 2878 1465 12663 12663 12667 12666 12666 12682 4149 
5161 5258 5368 5368 3690 13623 13623 13628 13625 13625 13612 5253 
2874 3792 4294 4294 780 12289 12289 12295 12292 12292 12296 3038 
2960 3864 4343 4343 952 12366 12366 12372 12370 12370 12372 3119 
3041 3908 4369 4369 1076 12434 12434 12440 12437 12437 12439 3196 
4920 1242 1919 1919 2167 13522 13522 13527 13525 13525 13544 5105 
4920 1242 1919 1919 2167 13522 13522 13527 13525 13525 13544 5105 
2517 4010 4543 4543 845 11933 11933 11939 11937 11937 11941 2684 
2867 3469 4025 4025 279 12237 12237 12242 12240 12240 12247 3045 
2794 3484 4054 4054 281 12142 12142 12147 12145 12145 12153 2973 
3046 3310 3857 3857 197 12411 12411 12416 12414 12414 12421 3223 
3085 3297 3838 3838 240 12457 12457 12463 12460 12460 12468 3262 
526 6645 7276 7276 3582 8937 8937 8942 8940 8940 8943 341 
526 6645 7276 7276 3582 8937 8937 8942 8940 8940 8943 341 
9145 12807 13354 13354 11564 2637 2637 2637 2638 2638 2673 9029 
9145 12807 13354 13354 11564 2637 2637 2637 2638 2638 2673 9029 
9145 12807 13354 13354 11564 2637 2637 2637 2638 2638 2673 9029 
7152 12097 12760 12760 9955 2570 2570 2575 2573 2573 2593 7008 
7152 12097 12760 12760 9955 2570 2570 2575 2573 2573 2593 7008 
7152 12097 12760 12760 9955 2570 2570 2575 2573 2573 2593 7008 
4621 1557 2233 2233 1945 13227 13227 13232 13230 13230 13249 4805 
9145 12807 13354 13354 11564 2637 2637 2637 2638 2638 2673 9029 
Table 4A. (continued). 
Population OMSJb PAlJb POlJIIb ROlJIIb RF2_IIIb RF3_IIIb RF4_IIIb RFSJIIb RF6_IIb SUIJa SYl_Ib SY2JIa SY3JIa TAlJIIb TA2_IIIb 
AFlJIIb 
KA3IIIb 
AZlIIIb 
BUI Illb 
CA2_Ic 
CHLlJIIb 
CH2JIIb 
CZ2IIIb 
ETIJc 
ET2_Ic 
GEOlJIIb 
AZ2IIIb 
AR2IIb 
FRIJIIb 
FR2_IIIb _ 
GE2_IIIb 2 
GESJIIb 
GE6IIIb 
IN7_Ib 
IN9Jb 
nsri lib 
ARlIIb 
MElJIIa 
ME2Jc 
ME4Jc 
MESJIIa 
ME7Jc 
MEMJIIa 
NT2Jc 
OM2_Ib 
OM8_Ib 0 
PA1 lb 1291 0 
'Allb 
4562 
3958 
4379 
4379 
4379 
4379 
1720 
4436 
2919 
2978 
3014 
960 
960 
3162 
2644 
2676 
2475 
2456 
5934 
5934 
12869 
12869 
12869 
11824 
11824 
11824 
1201 
12869 
a Jllb 
0 
3011 
2446 
2428 
2312 
2316 
5442 
5442 
11912 
11912 
11912 
10953 
10953 
10953 
315 
11912 
llJIIb ROlIIIb RF2_IIIb RF3_IIIb RF4_IIIb RFSJIIb RF6IIb SUIJa SYlJb SY2JIa SY3IIa TAlJIIb 
0 
737 0 
1024 1426 0 
1024 1426 0 0 
1024 1426 0 0 0 
1024 1426 0 0 0 0 
3106 2660 2723 2723 2723 2723 0 
4841 4202 5605 5605 5605 5605 4883 0 
2190 1453 2667 2667 2667 2667 2240 3060 0 
2313 1578 2837 2837 2837 2837 2399 2866 196 0 
2418 1687 2968 2968 2968 2968 2509 2724 338 142 0 
4059 3565 3687 3687 3687 3687 970 5021 2869 2987 3066 0 
4059 3565 3687 3687 3687 3687 970 5021 2869 2987 3066 0 
1829 1091 2343 2343 2343 2343 2285 3313 362 499 625 3011 
2085 1384 2352 2352 2352 2352 1733 3551 542 730 865 2446 
1996 1312 2227 2227 2227 2227 1675 3680 652 845 983 2428 
2260 1563 2496 2496 2496 2496 1649 3505 592 758 880 2312 
2305 1603 2552 2552 2552 2552 1673 3453 570 727 845 2316 
1384 1999 2026 2026 2026 2026 4484 5456 3356 3430 3501 5442 
1384 1999 2026 2026 2026 2026 4484 5456 3356 3430 3501 5442 
9644 10369 9174 9174 9174 9174 11270 14222 11795 11940 12055 11912 
9644 10369 9174 9174 9174 9174 11270 14222 11795 11940 12055 11912 
9644 10369 9174 9174 9174 9174 11270 14222 11795 11940 12055 11912 
7797 8534 7582 7582 7582 7582 10105 11990 9985 10094 10185 10953 
7797 8534 7582 7582 7582 7582 10105 11990 9985 10094 10185 10953 
7797 8534 7582 7582 7582 7582 10105 11990 9985 10094 10185 10953 
3760 3286 3372 3372 3372 3372 660 5004 2678 2810 2900 315 
9644 10369 9174 9174 9174 9174 11270 14222 11795 11940 12055 11912 
Table 4A. (continued). 
Population TUlJc TU2 Ic TU3_IIIb TU4_IIIb TU5JIlb UK2JIIb UK3_IIIa USIJIIb US4JIIa US7JIIa US9JIIb US 10 Illb USllJIIa UZlJIIb US 19Jllb 
AFl Illb 
KA3JIIb 
AZlJIIb 
BUI Illb 
CA2Ic 
CHLlJIIb 
CH2IIIb 
CZ2JIIb 
ETIJc 
ET2 Ic 
GEOlJIIb 
AZ2JIIb 
AR2 lib 
FRIJIIb 
FR2_IIIb 
GE2IIIb 
GE5 Illb 
GE6IIIb 
IN7_Ib 
IN9_Ib 
INI l ib 
ARIJIb 
MElIIIa 
ME2Ic 
ME4Jc 
ME5_IIIa 
ME7Jc 
ME14JIIa 
NT2_Ic 
OM2_Ib 
OM8_Ib 
PA1 lb 
:u2_ic 
o 
134 
179 
221 
3380 
3380 
11526 
11526 
11526 
9844 
9844 
9844 
2224 
11526 
TU3_IIIb TU4_IIIb TU5_IIIb UK2IIIb UK3_IIIa USIJIIb US4JIIa US7JIIa US9JIIb US 10Jllb USllJIIa UZlJIIb US 19Jllb 
274 0 
327 58 0 
3310 3558 3596 0 
3310 3558 3596 0 0 
11401 11668 11724 8795 8795 0 
11401 11668 11724 8795 8795 0 0 
11401 11668 11724 8795 8795 0 0 0 
9736 10009 10060 6729 6729 2382 2382 2382 0 
9736 10009 10060 6729 6729 2382 2382 2382 0 0 
9736 10009 10060 6729 6729 2382 2382 2382 0 0 0 
2194 2104 2114 5141 5141 11675 11675 11675 10659 10659 10659 
11401 11668 11724 8795 8795 0 0 0 2382 2382 2382 
Table 5 A. Euclidean distances, based on relative amounts of volatile compounds detected by gas chromatography analysis of seed 
essential oils for 59 coriander populations in 2003. 
Population AFlJIIb ARIJIb AR2IIb AZlIIIb AZ2 Illb BUI Illb CA2_Ic CH2JIIb CHLlJIIb CZ2 Illb ETIJc ET2Jc FRIJIIb FR2_IIIb GE2_IIIb 
AFl Jllb 0.00 
ARIJIb 12.52 0.00 
AR2IIb 15.07 4.62 0.00 
AZlJIIb 7.79 8.48 10.70 0.00 
AZ2IIIb 10.68 5.56 6.82 593 0.00 
BUI Illb 12.13 10.39 11.18 9.09 7.37 0.00 
CA2Jc 8.51 9.25 11.88 6.65 789 10.73 0.00 
CH2JIIb 10.44 8.70 10.03 6.29 7.61 11.32 7.81 0.00 
CHLlJIIb 10.06 7.05 8.40 6.94 5.54 10.01 9.27 8.67 0.00 
CZ2JIIb 11.01 9.75 11.09 686 688 7.34 7.89 6.70 10.04 0.00 
ETIJc 10.22 14.28 16.62 10.36 12.75 14.89 8.41 12.23 14.17 11.81 0.00 
ET2Ic 10.79 6.75 8.25 6.84 5.26 6.70 7.50 869 7.22 6.84 11.43 0.00 
FRIJIIb 12.19 7.29 823 7.72 5.06 4.96 9.72 9.56 786 7.12 14.32 5.10 0.00 
FR2JIIb 13.25 11.67 12.99 10.29 8.61 4.65 11.50 12.68 11.06 8.02 14.88 7.34 6.81 0.00 
GE2JIIb 13.25 9.39 9.54 9.80 7.00 3.38 11.34 11.69 9.24 822 15.89 6 38 4.46 5.56 0.00 
GESJIIb 13.44 12.37 12.85 10.91 9.23 3.85 12.48 13.19 11.11 9.12 16.22 829 6.80 5.04 4.03 
GEÔJIIb 12.16 9.24 9.93 8.51 6.70 4.55 10.44 10.63 893 8.00 14.50 5.85 3.55 6.60 4.60 
GEOlIIIb 10.73 5.00 6.49 5.41 3.53 9.06 7.96 7.27 5.34 7.74 12.11 5 38 6.43 10.27 8.51 
INllJb 8.87 9.79 11.59 7.61 8.74 11.02 8.93 9.72 7.05 10.45 11.57 7.67 9.86 11.96 11.13 
IN7_Ib 12.07 4.65 4.46 8.67 5.92 10.45 10.14 9.00 5.83 10.37 14.55 6.85 7.62 12.17 9.15 
IN9_Ib 11.23 6.10 7.26 8.36 7.39 11.79 998 9.14 5.11 11.32 14.23 8.04 9.27 13.27 10.79 
KA3IIIb 668 10.59 12.97 6 68 880 12.51 7.08 8.74 7.87 10.50 10.22 9.54 11.20 13.18 13.11 
MElJIIa 11.14 7.15 9.70 8.12 6.31 6.59 8.74 9.22 9.03 7.10 13.79 6.78 5.58 7.83 7.07 
MEMJIIa 12.35 9.85 10.56 9.61 7.69 4.08 11.29 11.31 9.73 8.64 16.04 7.81 5.80 7.21 4.77 
ME2_Ic 12.18 3.44 5.00 7.56 4.14 8.02 8.81 7.97 6.73 7.86 14.01 5.36 4.88 9.48 6.97 
ME4Jc 10.44 7.08 8 87 5.43 4.55 6.91 7.09 6.87 7.55 5.51 11.61 5.41 4.99 8 03 7.24 
MESJIIa 10.79 8.04 8.63 7.71 5.61 5.05 9.51 9.69 7.63 8.13 14.02 6.21 4.21 8.08 4 88 
ME7Jc 11.39 3.87 5.82 6.43 3.54 8.20 7.63 6.85 6.56 7.00 12.74 5.12 5.04 9.52 7.63 
NT2_Ic 9.58 5.88 7.75 5.92 5.20 923 4.74 6.58 6.40 7.41 10.73 5.17 7.06 10.68 8.99 
OM2 lb 10.86 5.12 6.60 7.42 5.60 9.92 8.37 7.69 4.40 9.50 14.39 7.24 7.41 11.50 9.01 
Table 5A. (continued). 
Population AFl Jllb ARIJIb AR2JIb AZlJIIb AZ2_IIIb BUI Jllb CA2Ic CH2JIIb CHLlJIIb CZ2IIIb ETIJc ET2Jc FRIJIIb FR2JIIb GE2_IIIb 
0M8_lb 11.35 5.53 6.61 7.91 6.24 10.49 8.66 8.01 4.89 10.15 14.58 7.74 8.01 12.22 952 
PAlJb 13.54 4.10 3.13 9.55 6.52 11.60 10.74 939 6.39 11.26 15.57 7.91 8.41 13.25 10.02 
POl Jllb 10.35 9.17 9.96 7.85 6.20 6.91 9.07 9.92 6.79 8.16 14.00 6.63 5.66 858 6.41 
RF2JIIb 11.40 19.20 21.56 14.63 17.53 19.94 13.47 15.20 15.93 16.85 13.95 17.39 19.28 19.89 20.92 
RF3JIIb 7.20 8.99 11.28 4.39 6.38 10.02 6.81 7.32 5.43 8.56 11.39 7.86 8.57 10.85 10.44 
RF4IIIb 9.05 5.71 7.92 5.38 5.26 9.92 6.44 7.71 6.35 8.54 10.32 6.21 7.93 11.35 969 
RFSJIIb 9.93 4.94 6.68 5.84 4.25 9.09 6.85 7.22 4.63 8.27 12.54 5.71 6.65 10.64 839 
RF6_IIb 13.79 3.64 2.17 9.54 6.11 11.08 10.61 9.26 728 10.74 15.39 7.51 8.01 12.80 9.67 
ROlJIIb 12.45 11.18 11.61 9.08 8.05 4.36 11.28 11.24 9.84 8.14 15.56 7.45 5.28 6.78 5.15 
SUIJa 9.39 7.53 9.25 6.56 6.42 8.95 6.45 7.92 5.74 8.59 12.49 6.39 7.27 10.43 8.64 
SYl_Ib 10.20 5.52 6.40 6.07 3.13 7.22 7.82 7.32 5.06 7.08 12.79 4.64 4.97 8.95 6.51 
SY2IIa 13.44 6.16 6.47 9.26 6.79 11.27 10.42 9.75 888 10.67 14.51 8.37 884 12.77 10.52 
TA 1 Illb 8.75 7.63 9.28 6.35 6.74 11.74 8.21 7.56 4.61 10.23 12.81 8.32 9.46 12.98 11.50 
TA2IIIb 16.75 19.91 21.02 15.88 15.73 11.18 17.46 18.63 16.97 14.29 19.62 15.48 14.31 10.00 12.77 
TUlIc 8.76 10.37 12.12 6.12 8.34 10.41 7.71 8.82 8.98 8.91 9.81 7.66 9.51 11.50 11.13 
TU2_Ic 12.16 3.30 3.77 7.94 5.01 10.13 8.67 7.84 6.30 9.26 13.61 6.02 7.10 11.76 893 
TU3_IIIb 8.65 10.92 12.90 5.76 7.71 9.72 9.62 9.72 6.87 9.61 12.72 8.76 9.12 10.06 10.40 
TU4IIIb 12.58 3.43 3.23 8.10 4.52 9.02 9.67 8.41 6.48 9.02 14.52 5.83 6.23 10.70 7.80 
TUSJIIb 12.16 3.41 3.90 7.64 4.43 9.13 9.00 7.78 5.67 8.77 14.17 5.67 6.25 10.71 7.92 
UK2JIIb 12.56 14.68 15.88 10.97 10.80 6.24 12.73 13.60 12.52 9.34 15.73 10.48 8 76 6.34 8.02 
UK3JIIa 11.23 6.00 6.35 7.44 5.02 6.53 8.94 8.71 6.85 7.77 13.85 4.91 4.84 9.03 5.63 
USIJIIb 9.26 10.36 11.49 8.18 8.01 11.07 10.47 10.03 4.78 10.93 14.50 9.23 9.44 12.23 10.87 
US 10 Jllb 10.31 7.62 8.64 7.05 5.19 5.29 9.16 9.17 7.39 7.61 14.06 6.25 4.08 8.11 5.49 
USllJIIa 12.35 6.30 6.12 8.27 5.22 7.03 9.89 9.51 7.26 8.69 14.73 5.98 4.65 9.53 6.02 
US4JIIa 11.97 6.91 6.88 7.87 5.25 578 9.59 9.33 7.38 8 03 14.71 5.64 4.38 8.70 5.10 
US7JIIa 11.38 6.68 7.31 7.06 4.33 5.43 8.58 8.92 7.57 7.14 13.47 5.44 4.26 7.98 5.23 
US9Jllb 17.30 19.58 20.24 16.18 16.05 10.36 17.93 18.31 17.43 13.90 20.28 15.09 13.60 10.13 11.85 
US 19 Jllb 8.47 11.29 12.97 7.30 8.89 12.04 9.75 928 6.30 10.83 13.40 10.29 10.91 12.89 12.46 
UZ1 Illb 17.83 18.66 19.84 16.06 15.54 10.77 17.88 18.77 16.63 14.15 20.81 14.66 12.72 9.56 11.57 
Table 5 A. (continued). 
Population GE5_IIIb GE6_IIIb GEOlJIIb INll_Ib IN7_Ib IN9_Ib KA3_IIIb MElJIIa MEMJIIa ME2_Ic ME4_Ic ME5_IIIa ME7_Ic NT2_Ic OM2_Ib 
AFIIIIb 
ARIJIb 
AR2_IIb 
AZIIIIb 
AZ2_IIIb 
BUl_IIIb 
CA2_Ic 
CH2_IIIb 
CHLIJIIb 
CZ2_IIlb 
ETIIc 
ET2_Ic 
FRIJIIb 
FR2_IIIb 
GE2_IIIb 
GESIIIb 0.00 
GE6 Illb 5.51 0.00 
GEOlJIIb 10.82 7.98 0.00 
INll_Ib 11.87 9.48 7.76 0.00 
IN7_Ib 11.91 8.81 5.18 7.99 0.00 
IN9_Ib 13.20 10.62 5.43 8.21 5.45 0.00 
KA3_IIIb 13.82 11.85 8.48 7.45 985 9.48 0.00 
MElIIIa 885 7.04 7.93 10.79 9.04 10.24 11.31 0.00 
ME14_IIIa 6.15 5.75 9.52 11.25 9.81 11.52 12.89 5.68 0.00 
ME2_Ic 10.03 7.03 4.71 9.66 5.13 6.97 10.57 5.58 7.68 0.00 
ME4_Ic 9.07 6.47 4.98 9.17 7.84 8.72 9.24 5.76 7.74 5.05 0.00 
ME5_IIIa 6.70 4.20 6.94 8.95 7.02 9.20 10.49 6.44 4.86 6.01 5.54 0.00 
ME7_Ic 10.32 7.19 3.78 9.13 5.45 698 9.52 5.66 8.24 2.18 3.70 6.10 0.00 
NT2_Ic 11.09 8.27 4.71 7.70 6.22 6.68 7.44 7.53 9.45 5.32 5.21 7.03 4.30 0.00 
OM2_Ib 11.56 9.00 5.57 8.50 5.12 4.99 8.62 7.95 9.31 4.84 7.11 7.39 5.08 4.99 0.00 
OM8_Ib 12.06 9.45 5.91 8.63 5.22 4.96 8.82 8.92 9.99 5.43 7.66 7.75 5.65 5.19 1.44 
PA1 Ib 13.10 10.10 5.56 9.94 3.11 5.02 11.08 9.70 10.91 5.01 8.58 8.51 5.55 656 4.79 
Table 5A. (continued). 
Population GE5_IIIb GE6 Illb GEOlJIIb INI l ib IN7_Ib IN9_Ib KA3IIIb MElJIIa MEMJIIa ME2Jc ME4Jc MESJIIa ME7Jc NT2Jc OM2_Ib 
PO 1 Illb 7.60 6.06 7.52 8.71 8.20 9.34 969 7.79 7.06 7.26 686 5.31 7.27 6.71 7.30 
RF2_IIIb 20.92 19.67 17.18 15.49 18.86 16.86 11.38 18.51 20.34 19.03 16.98 18.97 18.00 15.46 16.81 
RF3 Illb 11.33 9.51 6.24 7.31 8.74 7.76 4.96 8.90 10.42 828 6.47 8.27 7.18 6.00 6.54 
RF4JIIb 11.72 9.08 3.48 7.10 5.87 5.99 7.46 8.22 10.17 6.00 5.81 7.36 4.91 4.07 6.05 
RFSJIIb 10.69 7.98 3.83 7.06 4.66 5.64 7.62 7.73 9.09 4.52 5.67 6.35 4.10 3.29 3.51 
RF6_IIb 12.82 9.70 5.35 10.36 3.35 6.00 11.45 9.26 10.55 4.51 8.06 8.17 4.99 652 5.60 
ROlIIIb 4.87 3.92 9.51 10.43 10.40 12.03 12.28 8.16 5.25 8.97 7.78 5.20 8.98 9.54 10.18 
SU1 la 10.30 8.18 6.57 6.99 7.18 7.40 7.43 8.30 9.14 6.47 6.66 6.90 6.13 4.15 4.62 
SYllb 8.81 6.34 3.98 7.57 4.60 6.80 8.47 6.58 7.26 392 4.67 4.58 359 4.26 4.70 
SY2JIa 13.06 10.42 6.29 11.28 6.78 8.21 11.10 9.74 11.27 6.56 8.36 9.07 6.28 7.36 7.69 
TAlJIIb 13.19 10.74 6.02 7.84 6.73 5.69 598 9.80 11.34 7.81 8.24 9.21 7.17 5.83 5.22 
TA2_IIIb 9.85 13.50 17.52 17.49 19.65 20.04 17.56 15.12 13.22 17.54 15.18 14.46 17.37 17.68 18.22 
TUlJc 12.02 9.75 8.33 7.84 9.86 10.27 8.16 9.27 10.18 9.49 809 9.16 8.54 7.18 9 32 
TU2_Ic 11.87 8.70 4.27 9.06 3.46 5.42 9.97 8.32 9.94 3.71 6.79 7.36 3.88 4.60 4.50 
TU3_IIIb 10.57 9.62 7.80 8.87 10.62 9.53 8.00 9.47 10.27 9.91 7.91 9.05 9.04 8.93 9.19 
TU4IIIb 10.77 7.79 4.24 9.36 3.30 6.24 10.57 7.59 8.64 3.34 6.51 6.47 3.75 5.67 5.23 
TU5_IIIb 10.77 7.82 4.02 8.61 3.42 5.63 9.90 7.78 8.98 3.26 6.39 662 3.64 4.91 4.10 
UK2_IIIb 5.64 7.81 12.56 12.62 14.35 15.36 13.47 10.01 8.18 12.38 9.93 8.75 12.12 12.55 13.33 
UK3 Illa 8.30 5.66 5.48 8.37 5.19 7.38 10.52 6.13 5.72 4.34 5.91 4.21 4.81 5.60 5.95 
USIIIIb 11.67 9.85 8.02 7.11 8.45 8.04 7.88 10.59 10.69 9.79 9.34 880 9.29 8.41 7.82 
US 10 Illb 7.40 5.06 6.67 9.39 7.34 8.84 10.07 5.21 4.27 568 5.48 3.13 5.74 6.79 6.91 
USlllIIa 8.66 5.77 6.00 9.14 5.08 8.10 10.90 6.83 6.07 4.80 6.33 3.87 5.14 6.47 6.37 
US4_IIIa 7.91 5.27 6.28 9.51 6.24 8.35 11.21 6.20 4.76 4.86 5.89 3.64 5.29 6.37 6.44 
US7_IIIa 7.84 5.44 5.67 9.62 6.78 8.58 10.67 5.39 4.98 4.55 4.55 3.57 4.51 5.91 668 
US9_IIIb 8.50 11.93 17.69 17.15 19.09 20.00 18.57 14.58 11.72 17.23 15.46 13.65 17.28 17.69 18.22 
US19_IIIb 13.19 11.57 8.59 7.74 10.09 9.12 6.73 11.04 11.70 10.71 9.42 10.35 9.81 8.74 8.43 
UZ1 Illb 9.51 12.32 17.25 17.45 18.79 19.36 18.70 13.53 11.77 16.40 15.03 14.02 16.57 17.51 17.54 
Table 5A. (continued). 
Population OM8_Ib PAlJb POlIIIb RF2_IIIb RF3_IIIb RF4_IIIb RFSJIIb RF6JIb ROlJIIb SUlIa SYl_Ib SY2JIa TAlJIIb TA2IIIb TUlJc 
AFIJIIb 
ARIJIb 
AR2JIb 
AZIJIIb 
AZ2 Illb 
BUlJIIb 
CA2Jc 
CH2IIIb 
CHLIJIIb 
CZ2JIIb 
ETIJc 
ET2Jc 
FRIJIIb 
FR2 Illb 
GE2 Illb _ 
GE5JIIb ^ 
GE6 Illb 
GEOlJIIb 
INll_Ib 
IN7Jb 
IN9_Ib 
KA3_IIIb 
MElJIIa 
MEMIIIa 
ME2Jc 
ME4Ic 
MESJIIa 
ME7Jc 
NT2Jc 
OM2_Ib 
OM8_Ib 0.00 
PA1 Ib 4.70 0.00 
Table 5A. (continued). 
Population OM8_Ib PAlJb POlIIIb RF2JIIb RF3JIIb RF4IIIb RFSJIIb RFôIIb ROI Illb SUlJa SYlJb SY2IIa TAlJIIb TA2_IIIb TUlIc 
PO 1 Illb 7.81 9.17 0.00 
RF2_IIIb 17.20 19.63 17.05 0.00 
RF3_IIIb 7.08 9.53 7.32 12.78 0.00 
RF4JIIb 6.24 6.56 8.10 16.35 6.10 0.00 
RFSJIIb 3.70 5.21 6.30 16.65 5.57 3.88 0.00 
RFÔIIb 5.57 2.00 9.45 20.14 9 88 6.51 5 38 0.00 
ROI Illb 10.65 11.74 6.16 19.70 9.94 10.57 9.23 11.46 0.00 
SUlJa 4.66 7.75 5.65 15.69 5.63 6.12 3.69 8.21 885 0.00 
SYllb 5.22 5.74 5.04 17.40 6.20 4.87 3.02 5.62 7.39 4.76 0.00 
SY2IIa 7.78 6.33 10.37 19.66 9.78 7.06 6.91 5.69 11.94 9.17 7.03 0.00 
TA 1 Illb 5.72 7.11 8.16 13.47 4.55 6.09 5.22 7.84 11.50 6.31 6.23 8.64 0.00 
TA2IIIb 18.82 20.81 13.88 21.79 15.47 18.26 17.55 20.67 11.96 16.36 15.95 19.96 18.51 0.00 
TUlJc 9.81 10.97 8.64 14.93 7.11 7.50 7.99 11.03 9.96 7.85 7.66 11.07 8.00 16.68 0.00 
TU2Jc 4.55 2.86 8.13 18.46 8 38 5.12 3.76 2.53 10.55 6.48 4.34 5.75 6.71 19.60 9.57 
TU3JIIb 9 86 11.44 8.56 14.72 4.92 8.24 8.42 11.74 9.59 8.61 8.02 11.38 7.31 13.62 8.27 
TU4_IIIb 5.51 3.49 8.01 19.53 8.76 5.73 4.52 2.56 9.42 7.26 3.96 5.62 7.39 18.70 9.83 
TUSJIIb 4.21 3.38 7.49 18.90 8.04 5.37 3.37 3.11 9.43 5.95 3.55 5.98 6.84 18.53 9.58 
UK2_IIIb 13.99 15.79 8.87 19.27 11.07 13.15 12.35 15.52 6.45 11.52 10.71 15.32 13.98 7.42 11.90 
UK3JIIa 6.45 6.28 5.92 18.88 8 26 6.20 5.09 5.93 6.82 6.42 3.67 7.66 7.90 16.44 8.15 
USIJIIb 8.32 9.63 6.61 14.52 6.06 8.48 7.51 10.47 9.92 7.53 7.22 11.43 588 16.27 9.02 
USIOJIIb 7.55 8.48 5.39 18.28 7.70 7.33 6.40 8.20 5.38 6.98 4.69 8.93 8.39 14.49 8.42 
USllIIIa 6.70 6.29 6.47 19.82 8.93 6.90 5.62 5.86 672 7.11 4.04 7.65 8.53 16.78 9.15 
US4IIIa 6.91 7.09 5.89 19.54 8.80 7.21 5.94 6.67 5.95 6.94 4.26 8.26 8.74 15.79 8.69 
US7 Ilia 7.18 7.52 6.19 19.04 8.23 6.37 5.74 6.94 6.39 6.99 4.21 7.85 8.76 15.34 8.41 
US9 Illb 18.80 20.41 13.78 23.27 16.60 18.47 17.70 20.24 10.05 16.59 15.85 19.87 19.00 7.20 16.42 
US 19 Illb 8 96 11.08 9.15 12.95 4.93 8.63 8.30 11.76 11.50 8.08 8.49 11.97 5.79 16.42 8.31 
UZ1 Illb 18.35 19.86 13.36 23.35 16.22 18.29 17.30 19.85 11.01 16.25 15.62 19.74 18.50 8.43 16.52 
Table 5A. (continued). 
Population TU2_Ic TU3_IIIb TU4_IIIb TU5_IIIb UK2_IIIb UKSJIIa US 1 Illb USIOJIIb USllJIIa US4_IIIa US7_IIIa US9JIIb US19_IIIb UZlIIIb 
AFIJIIb 
ARl_IIb 
AR2IIb 
AZIIIIb 
AZ2_IIIb 
BUlIIIb 
CA2_Ic 
CH2IIIb 
CHLIIIIb 
CZ2_IIIb 
ETl_Ic 
ET2IC 
FRIIIIb 
FR2_IIIb 
GE2_IIIb 
GE5_IIIb 
GE6_IIIb 
GEOlJIIb 
INllIb 
IN7_Ib 
IN9_Ib 
KA3JIIb 
ME1 Jlla 
MEMJIIa 
ME2Jc 
ME4Jc 
MESJIIa 
ME7Jc 
NT2Jc 
OM2Jb 
OM8_Ib 
PA1 Ib 
Table 5 A. (continued). 
Population TU2_Ic TU3_IIIb TU4JIIb TU5_IIIb UK2_IIIb UK3_IIIa USIJIIb US 10 Illb USllJIIa US4_IIIa US7_IIIa US9_IIIb US19_IIIb UZlJIIb 
PO 1 Illb 
RF2JIIb 
RFSJIIb 
RF4 Illb 
RFSJIIb 
RFÔJIb 
ROI Illb 
SUlJa 
SYllb 
SY2 lia 
TAlJIIb 
TA2JIIb 
TU1 le 
TU2Jc 0.00 
TU3JIIb 10.63 0.00 
TU4IIIb 2.74 10.19 0.00 
TU5_IIIb 2.19 9.95 1.96 0.00 
UK2JIIb 14.34 10.19 13.46 13.29 0.00 
UKSJIIa 5.24 928 4.22 4.57 10.87 0.00 
USlIIIb 9.51 688 9.50 9.00 12.05 8.68 0.00 
USIOJIIb 7.46 8.20 6.31 6.62 8.95 3.94 8.40 0.00 
USllJIIa 5.65 9.90 4.22 4.77 11.17 2.87 9.04 3.78 0.00 
US4JIIa 6.22 9.50 5.00 5.44 10.42 2.45 9.16 3.17 2.58 0.00 
US7JIIa 6.27 8.99 5.17 5.63 9.99 3.34 9.53 3.19 3.49 2.37 0.00 
US9JIIb 19.24 14.86 18.10 18.10 7.44 15.29 16.57 13.68 15.64 14.74 14.70 0.00 
US 19 Illb 10.76 5.83 10.70 10.20 12.61 9.88 5.06 9.41 10.42 10.37 10.29 17.28 
UZ1 Illb 18.86 14.35 17.81 17.75 836 15.25 16.17 13.42 15.46 14.66 14.65 7.75 
K> 
0.00 
16.84 0.00 
Table 6 A. Euclidean distances, based on the relative amounts of seed fatty acids detected by gas chromatography analysis for 60 
coriander populations in 2002 and 2003. 
Population AFlJIIb ARlJIb AR2JIb AZIIIIb AZ2IIIb BUlJIIb CA2Jc CH2JIIb CHLlJIIb CZ2IIIb ETlJc ET2Jc FRIJIIb FR2JIIb GE2_IIIb 
AFlIIIb 0.00 
ARlIIb 5.19 0.00 
AR2_IIb 2.93 2.31 0.00 
AZIIIIb 2.58 4.62 2.92 0.00 
AZ2 Illb 1.05 4.86 268 3.26 0.00 
BUlJIIb 2.25 3.36 1.53 2.86 1.82 0.00 
CA2_Ic 4.01 2.67 2.13 4.79 3.29 2.28 0.00 
CH2_IIIb 1.66 4.11 2.04 1.61 2.19 2.01 3.62 0.00 
CHLlJIIb 2.30 4.46 2.76 2.14 2.68 2.43 3.90 1.58 0.00 
CZ2_IIIb 3.02 2.42 0.92 3.12 2.63 1.00 1.83 2.32 2.80 0.00 
ETlJc 6.44 2.61 3.92 6.67 5.82 4.58 2.59 5.71 6.03 3.78 0.00 
ET2Jc 4.90 2.43 269 5.48 4.27 3.23 1.32 4.34 4.84 2.60 1.72 0.00 
FRIJIIb 2.96 2.65 1.06 3.39 2.58 1.44 1.52 2.20 2.75 0.95 3.61 2.31 0.00 
FR2JIIb 3.73 1.85 1.13 3.67 3.43 2.11 1.78 2.71 3.39 1.27 3.08 1.97 1.02 0.00 
GE2_IIIb 4.05 1.56 1.37 3.92 3.67 2.17 1.74 3.13 3.73 1.23 2.83 1.88 1.37 0.65 0.00 
GE5 Illb 5.00 1.53 2.36 4.90 4.56 3.12 1.86 4.04 4.49 2.22 1.89 1.52 2.09 1.37 1.12 
GE6 Illb 2.33 3.75 1.84 2.41 2.52 2.04 3.41 1.60 3.06 2.13 5.22 3.79 2.16 2.30 2.60 
GEOlJIIb 1.04 5.69 3.45 2 86 1.85 2.96 4.48 1.83 2.54 3.62 6.84 5.30 3.34 4.08 4.51 
INllIb 1.10 4.26 2.06 2.44 1.21 1.52 3.25 1.33 2.28 2.18 5.56 4.00 2.19 2.82 3.12 
IN7_Ib 1.58 4.77 2.76 2.29 1.96 2.33 4.21 1.98 2.70 2.97 6.39 4.89 3.24 3.69 3.91 
IN9_Ib 1.59 389 1.82 2.21 1.63 1.15 3.14 1.38 2.30 1.79 5.34 3.86 2.03 2.56 2.77 
KA3 Illb 1.32 4.62 2.43 2.24 1.79 2.43 3.91 1.40 2.05 2.86 6.15 4.72 2.79 139 3.76 
ME1 JHa 4.36 2.59 2.34 4.94 3.77 2.69 1.67 3.92 4.67 2.18 2.64 1.21 2.16 1.84 1.65 
MEMJIIa 398 3.14 2.36 4.94 3.21 2.44 0.81 3.75 4.12 2.06 2.90 1.78 1.71 2.11 208 
ME2Jc 2.49 5.92 3.90 4.71 2.22 3.39 3.98 136 4.18 3.94 6.22 4.60 3.47 4.19 4.55 
ME4_Ic 1.91 3.74 1.65 3.12 1.65 1.55 2.39 1.64 2.58 1.82 4.67 3.10 1.34 2.06 2.48 
ME5_IIIa 5.11 1.83 258 5.38 4.53 3.29 1.56 4.40 4.88 2.50 1.43 0.71 2.37 1.82 1.58 
ME7Jc 287 4.70 3.04 4.83 2.03 2.56 2.49 3.46 4.08 2.95 4.76 3.14 2.60 3.26 3.46 
NT2_Ic 4.99 2.47 281 5.59 4.28 3.15 1.21 4.54 4.93 2.55 1.69 0.71 2.45 2.21 1.95 
OM2_Ib 392 3.60 2.81 3.82 3.89 2.76 3.13 2.93 3.58 2.55 4.38 3.29 2.29 2.22 2.46 
OMSIb 1.69 4.29 2.18 3.48 1.15 1.76 2.68 2.12 3.02 2.26 5.05 3.43 196 2.69 3.00 
PA1 lb 1.86 6.74 4.50 4.16 2.06 3.69 5.04 3.29 3.53 4.49 7.58 6.04 4.26 5.17 5.50 
Table 6A. (continued). 
Population AFlIIIb ARIJIb AR2 lib AZIJIIb AZ2IIIb BUlJIIb CA2Jc CH2JIIb CHLlJIIb CZ2IIIb ETlJc ET2Jc FRIJIIb FR2IIIb GE2IIIb 
PO 1 Illb 3.35 2.61 1.50 3.82 2.84 1.61 183 2.93 3.72 1.27 3.55 2.13 1.58 1.54 1.41 
RF2_IIIb 1.16 4.62 2.43 3.21 0.83 1.89 3.06 1.83 2.55 2.52 5.51 3.93 2.20 3.04 3.40 
RF3_IIIb 1.61 3.73 1.45 2.75 1.35 1.33 2.61 1.47 2.41 1.69 4.92 3.43 1.52 2.24 2.56 
RF4 Illb 1.19 5.27 3.12 1.84 2.12 2.79 4.65 1.50 2.18 139 6.90 5.42 3.43 4.00 4.34 
RFSJIIb 1.67 4.93 289 2.09 2.17 2.66 4.50 2.00 2.63 3.21 6.68 5.24 3.46 3.92 4.16 
RF6IIb 5.16 1.92 2.69 4.99 4.73 3.34 2.84 4.43 5.15 2.65 2.91 2.27 3.02 2.30 1.88 
ROI Illb 4.62 3.15 2.93 4.07 4.45 3.01 3.66 3.84 4.74 2.61 4.43 3.58 3.13 2.66 2.35 
SUlJa 1.60 4.60 2.53 2.92 1.59 2.14 3.31 1.76 1.62 2.64 5.72 4.38 2.36 3.25 3.62 
SYl_Ib 1.76 5.07 3.03 188 1.17 2.12 3.10 2.58 3.07 2.83 5.60 4.05 2.51 3.43 3.70 
SY2JIa 3.27 2.92 1.78 2.43 3.40 2.31 3.52 2.22 3.16 2.08 4.91 3.72 2.48 2.21 2.34 
SY3IIa 5.85 1.22 3.04 5.44 5.44 4.05 3.17 4.94 5.43 3.19 2.54 2.57 3.46 2.64 2.29 
TA 1 Illb 2.22 6.19 4.11 4.40 1.97 3.34 4.24 3.29 3.29 4.02 6.76 5.34 3.66 4.65 4.97 
TAZJIIb 1.75 5.99 3.81 3.68 1.70 2.83 4.48 3.01 3.74 3.65 6.89 5.37 3.68 4.45 4.62 
TUlJc 1.47 3.91 1.75 2.54 1.45 1.57 2.90 1.22 1.76 2.01 5.22 3.76 1.84 2.55 2.93 
TU2Jc 2.35 5.48 3.47 4.53 1.94 3.06 3.53 3.12 3.94 3.54 5 80 4.19 3.04 3.79 4.14 
TU3JIIb 1.73 6.05 3.94 3.41 2.00 3.08 4.57 2.65 2.31 3.85 7.09 5.70 3.68 4.62 4.94 
TU4_IIIb 1.82 4.04 2.01 3.07 1.24 1.09 2.55 2.05 2.32 1.73 5.03 3.68 1.75 2.67 2.84 
TU5 Illb 1.38 6.17 3.91 3.80 1.52 3.13 4.54 2 85 3.47 3.92 7.02 5.44 3.72 4.56 4.87 
UK2 Illb 1.16 4.95 2.76 2.87 1.13 1.86 3.66 2.02 2.93 2.64 6.04 4.51 2.70 3.42 3.62 
UK3_IIIa 5.56 2.06 3.04 5.74 4.97 3.63 2.02 4.85 5.36 2.84 1.26 1.18 2.81 2.21 1.83 
US 1 Illb 2.49 4.84 3.04 2.43 2 96 3.04 4.73 2.37 3.56 3.40 6.58 5.11 3.65 380 4.03 
USIOJIIb 2.56 5.01 3.18 4.54 1.90 2.51 2.84 3.16 3.83 3.00 5.16 3.60 2.55 3.34 3.59 
USllJIIa 4.24 2.53 2.11 4.91 3.53 2.55 1.20 3 89 4.50 1.97 2.57 1.39 1.92 1.84 1.63 
US4 Ilia 5.49 2.52 3.17 5.87 4.77 3.52 1.72 4.97 5.22 2.82 1.64 1.74 2.83 2.62 2.24 
US7JIIa 5.46 2.20 299 5.76 4.80 3.54 1.73 4.84 5.22 2.75 1.32 1.39 2.70 2.32 1.95 
US9IIIb 2.98 3.25 1.73 3.88 2.37 1.45 1.67 2.77 156 1.36 3.80 2.37 1.26 1.75 1.78 
US19JIIb 4.55 2.40 2.28 5.18 3.92 3.07 1.29 4.03 4.57 2.42 2.18 1.01 2.06 1.83 1.85 
UZ1 Illb 2.62 4.28 2.59 2.92 2.58 2.03 3.74 2.57 3.70 2.42 5.61 4.21 2.85 3.07 3.08 
Table 6 A. (continued). 
Population GESJIIb GE6_IIIb GEOlJIIb INll Ib IN7_Ib IN9_Ib KA3JIIb MEl_IIIa MEMJIIa ME2_Ic ME4_Ic ME5JIIa ME7_Ic NT2_Ic OM2_Ib 
AFIJIIb 
ARIJIb 
AR2JIb 
AZIJIIb 
AZ2JIIb 
BUlJIIb 
CA2Je 
CH2 Illb 
CHLIIIIb 
CZ2 Illb 
ETlJc 
ET2Jc 
FRIJIIb 
FR2 Illb i— 
GE2 Illb Vi 
GESJIIb 0.00 
GEôJIIb 3.58 0.00 
GEOlJIIb 5.36 2.61 0.00 
INllIb 4.10 1.52 1.76 0.00 
IN7_Ib 4.95 2.15 2.34 1.28 0.00 
IN9_Ib 3.79 1.32 2.26 0.68 1.39 0.00 
KA3IIIb 4.70 2.30 1.80 1.44 1.64 1.84 0.00 
MElJIIa 1.89 3.03 4.84 3.39 4.18 3.17 4.33 0.00 
MEMJIIa 2.23 3.51 4.44 3.36 4 38 3.30 3.95 2.02 0.00 
ME2Ic 5.17 3.22 2.30 2.61 3.53 3.10 3.27 4.16 3.78 0.00 
ME4 le 3.27 1.62 2.21 1.20 2.42 1.43 1.99 2.71 2.46 2.33 0.00 
ME5_IIIa 1.07 3.84 5.55 4.18 4.99 3.96 4.82 1.40 2.00 5.07 3.35 0.00 
ME7 Je 4.00 3.14 3.25 2.46 3.40 2.76 3.32 2.76 2.38 1.89 1.93 3.63 0.00 
NT2 Je 1.66 4.01 5.49 4.12 4.96 3.93 4.87 1.31 1.63 4.80 332 0.85 3.21 0.00 
OM2_Ib 2.79 2.58 3.94 3.16 4.10 2.86 4.13 2.96 3.44 4.09 262 3.39 380 3 56 0.00 
OM8_Ib 3.82 1.94 2.12 1.19 2.30 1.58 2.07 2.91 2.62 1.82 0.83 3.74 1.41 3.57 3.23 
PA1 Ib 6.31 3.96 1.74 2.83 3 28 3.33 2.80 5.63 4.83 2.39 3.21 636 3.39 6.11 5.18 
Table 6A. (continued). 
Population GE5 Illb GE6IIIb GEOlJIIb INllJb IN7_Ib IN9_Ib KA3_IIIb ME1 Ilia MEMJIIa ME2Jc ME4Jc ME5IIIa ME7Ic NT2Jc OM2_Ib 
PO 1 Illb 228 2.10 3.94 2.35 3.06 2.03 333 1.22 2.13 3.72 1.96 2.17 2.51 2.12 2.67 
RF2_IIIb 4.22 2.17 1.55 1.06 2.15 1.60 1.68 3.51 3.02 1.84 1.03 4.22 1.85 4.07 3.41 
RF3_IIIb 3.49 1.58 2.17 0.97 2.02 1.17 1.51 2.96 2.61 2.65 0.76 3.57 2.22 3.54 3.10 
RF4_IIIb 5.34 2.37 1.50 1.56 1.30 1.87 1.19 4.87 4.74 3.44 2.52 5.53 3.83 5.57 4.18 
RFSJIIb 5.21 2.46 2.39 1.68 0.83 1.85 1.28 4.62 4.61 3.85 2.71 5.29 3.81 5.31 4.56 
RF6 lib 2.14 3.46 5.72 4.10 4.53 3.71 4.89 1.65 3.27 5.51 3.72 1.91 4.20 2.25 3.55 
ROlJIIb 2.98 2.73 5.08 3.69 4.10 3.12 4.70 2.66 3.92 5.20 3.59 3.37 4.46 3.57 2.67 
SUlJa 4.38 2 89 1.94 1.83 2.60 2.16 1.49 4.22 3.28 3.05 1.84 4.54 2.95 4.46 3.85 
SYllb 4.41 2.79 2.03 1.82 2.89 2.17 2.63 3.64 2.94 1.56 1.63 4.42 1.64 4.10 3.48 
SY2JIa 3.30 1.58 3.73 2.31 2.43 1.87 2.90 3.03 3.89 4.53 2.53 358 3.98 3.89 2.80 
SY3JIa 2.18 4.30 6.41 4.85 5.25 4.51 5.28 2.61 3.61 6.37 4.38 1.96 5.01 2.57 4.36 
TA 1 Illb 5.64 4.04 2.22 2.91 3.68 3.36 2.91 5.15 3.98 2.39 2.88 5.68 293 5.38 4.85 
TA2 Illb 5.53 2.99 2.14 2.26 2.71 2.48 2.88 4.66 4.24 2.34 2.76 5.61 2.96 5.35 4.42 
TUl_Ic 3.81 2.00 2.00 0.97 1.83 1.29 1.15 3.43 3.05 2.94 1.13 3.91 2.58 3.90 3.27 
TU2Jc 4.76 3.01 2.30 2.40 3.39 2 88 2.97 3.82 328 0.61 1.96 4.64 1.56 4.39 3.97 
TU3_IIIb 5.73 178 1.81 2.58 3.07 2.93 2.40 5.42 4.47 3.17 2.96 5.92 3.65 5.73 4.66 
TU4 Illb 369 2.46 2.50 1.60 2.52 1.63 2.09 3.31 2.44 2.94 1.53 3.81 2.35 3.61 3.38 
TUSJIIb 5.72 3.18 1.42 2.18 2.72 2.68 2.47 4.90 4.34 1.77 2.59 5.75 2.79 5.52 4.58 
UK2_IIIb 4.58 1.96 1.76 1.21 1.94 1.38 2.11 3.80 3.55 2.31 1.79 4.71 2.53 4.54 3.51 
UK3 Ilia 1.17 4.16 6.00 4.62 5.43 4.34 5.35 1.59 2.34 5.45 382 0.73 4.04 1.10 3.53 
USIJIIb 5.07 1.82 2.91 2.01 1.39 1.98 2.40 4.26 4.90 3.94 2.87 5.16 4.00 5.28 4.08 
USIOJIIb 4.16 2.97 2.73 2.38 3.49 2.66 3.26 3.21 2.60 1.33 1.80 4.05 1.12 3.69 3.44 
USllJIIa 1.90 3.27 4.78 3.43 4.26 3.27 4.07 1.26 1.17 4.18 2.66 1.41 2.69 1.22 3.53 
US4JIIa 1.78 4.58 6.02 4.72 5.55 4.47 5.30 2.29 1.80 5.49 3.93 1.46 3.97 1.25 4.11 
US7_IIIa 1.37 4.34 5.95 4.63 5.47 4.38 5.22 1.98 1.88 5.42 380 1.00 3.96 1.07 387 
US9_IIIb 2.52 2.16 3.47 2.23 3.26 2.06 3.18 1.76 1.56 3.03 1.54 2.54 1.99 2.35 2.60 
US19JIIb 1.77 3.57 4.96 3.73 4.59 3.67 4.20 1.60 1.48 4.37 2.81 1.13 2.96 1.26 3.64 
UZ1 Illb 4.10 1.51 3.19 1.94 2.21 1.52 3.05 3.19 3.80 3.53 2.43 4.26 3.26 4.22 3.13 
Table 6A. (continued). 
Population OM8_Ib PAl_Ib POlJIIb RF2_IIIb RF3_IIIb RF4_IIIb RFSJIIb RF6_IIb ROlIIIb SUlJa SYlJb SY2_IIa SY3_IIa TAlJIIb TA2_lIIb 
AFIJIIb 
ARIJIb 
AR2JIb 
AZIJIIb 
AZ2 Illb 
BUlJIIb 
CA2Jc 
CH2JIIb 
CHLlJIIb 
CZ2JlIb 
ETlJc 
ET2Ic 
FRIJIIb 
FRZJIIb 
GE2IIIb 
GESJIIb 
GE6 Illb 
GEOlJIIb 
INI l ib 
IN7_Ib 
IN9_Ib 
KA3_IIIb 
MElJIIa 
MEMIIIa 
ME2 Je 
ME4Jc 
ME5JIIa 
ME7Jc 
NT2Jc 
OM2_Ib 
OM8_Ib 0.00 
PA1 Ib 2.78 0.00 
<o 
Table 6A. (continued). 
Population OM8_Ib PAlJb POlJIIb RF2JIIb RF3JIIb RF4JIIb RFSJIIb RF6 lib ROI Illb SUlJa SYlJb SY2_IIa SY3IIa TAlJIIb TA2_IIIb 
POlJIIb 2.16 4.80 0.00 
RF2_IIIb 0.71 2.24 2.69 0.00 
RF3_IIIb 0.95 3.08 2.02 1.04 0.00 
RF4_IIIb 2.54 2.72 3.79 2.11 2.18 0.00 
RFSJIIb 2.63 3.26 3.50 2.38 2.16 1.12 0.00 
RFôIIb 4.03 6.71 1.94 4.56 3.78 5.35 4.92 0.00 
ROI Illb 3.90 6.18 2.24 4.33 3 63 4.74 4.56 2.19 0.00 
SUlJa 1.99 2.48 3.36 1.45 1.59 2.17 2.49 5.08 4.92 0.00 
SYllb 1.21 2.13 2.96 1.04 1.80 2 88 3.21 4.89 4.52 1.97 0.00 
SY2 lia 2 98 5.09 2.11 3.19 2.42 2.98 2.75 2.76 2.33 3.54 386 0.00 
SY3JIa 4.79 7.40 2.93 5.24 4.36 5.94 5.46 1.52 3.40 5.42 5.68 3.43 0.00 
TAlJIIb 2.56 1.29 4.45 2.05 2 83 3.23 3.67 6.35 6.05 1.97 1.73 5.09 6.90 0.00 
TA2JIIb 2.23 1.92 3.74 2 08 2.54 2.68 2.92 5.59 4.76 2.86 1.85 4.19 6.52 2.42 0.00 
TUlIc 1.43 3.00 2.49 1.15 0.86 1.83 1.93 4.15 4.07 1.17 2.02 2.50 4.62 2.77 288 
TU2_Ic 1.44 2.43 338 1.52 2.25 3.33 3.65 5.17 5.00 2.69 1.35 4.29 5.95 2.21 2.35 
TU3 Illb 2.84 1.49 4.50 2.19 2.77 2.40 2 98 6.34 5.80 1.61 2.21 4.60 6.87 1.43 2.47 
TU4JIIb 1.52 2.90 2.38 1.42 1.17 2.64 2.64 4.19 3.94 1.40 1.57 3.12 4.76 238 2.37 
TUSJIIb 2.06 0.97 4.06 1.66 2.47 2.38 2.84 5.96 538 2.40 1.62 4.41 676 1.69 1.22 
UK2IIIb 1.43 2.34 2.79 1.34 1.54 2.03 2.24 4.64 3 89 2.21 1.50 3.11 5.53 2.56 1.13 
UK3IIIa 4.19 6 80 2.45 4.70 4.04 6.00 5.76 1.87 3.23 5.07 4.80 3.90 2.05 6.13 5.90 
USl Illb 2.86 4.14 3.25 2.91 2.60 1.97 1.70 4.38 3.74 3.58 3.67 2.12 5.19 4.65 3.30 
US 10 Illb 1.37 2.86 2 83 1.62 2.16 3.62 3.86 4.65 4.44 2.70 0.98 4.09 5.50 239 2.39 
USllJIIa 2 82 5.37 1.57 3.36 2.73 4.83 4.52 228 3.31 3.81 3.49 3.41 2.71 4.72 4.51 
US4_IIIa 4.21 6.54 2.82 4.64 4.02 6.07 5.78 2.81 3.97 4.76 4.62 4.45 2.74 5.69 5.76 
US7JIIa 4.13 6.59 2 63 4.60 3.93 5.98 5.71 2.45 3.70 4.79 4.66 4.19 2.37 5.80 5.79 
US9JIIb 1.66 4.12 1.17 2.18 1.68 3.69 3.61 2.91 2.83 2.87 2.19 2.81 3.75 3.64 3.11 
US19JIIb 3.11 5.66 2.13 3.58 2.99 5.05 4.81 2.55 3.86 3.92 3.84 3.63 2.59 4.95 5.08 
UZ1 Illb 2.36 4.10 2.15 2.66 2.24 2.87 2.71 3.53 2 39 3.51 2.92 2.16 4.66 4.30 2.58 
Table 6A. (continued). 
Population TUlJc 46 TU2_Ic TU3JIIb TU4IIIb TUSJIIb UK2IIIb UK3_IIIa USIJIIb USIOJIIb USllJIIa US4JIIa US7_IIIa US9JIIb US19JIIb UZlJIIb 
AFIJIIb 
ARIJIb 
AR2IIb 
AZIJIIb 
AZ2_IIIb 
BUlJIIb 
CA2Je 
CH2IIIb 
CHLlJIIb 
CZ2JIIb 
ETlJc 
ET2 Je 
FRlIIIb 
FR2JIIb 
GE2IIIb 
GESJIIb !o 
GE6JIIb 
GEOlJIIb 
INI 1 Jb 
IN7_Ib 
IN9_Ib 
KA3_IIIb 
MElJIIa 
MEMJIIa 
ME2 Je 
ME4Ic 
MESJIIa 
ME7Jc 
NT2Jc 
OM2_Ib 
OM8_Ib 
PA1 Ib 
Table 6A. (continued). 
Population TUlJc 46 TU2Jc TU3_IIIb TU4IIIb TU5_IIIb UK2IIIb UK3_IIIa USIJIIb USIOJIIb USllJIIa US4JIIa US7IIIa US9JIIb US19JIIb UZlJIIb 
POlJIIb 
RF2JIIb 
RFSJIIb 
RF4IIIb 
RFSJIIb 
RF6JIb 
ROlJIIb 
SUlJa 
SYlIb 
SY2JIa 
SY3 lia 
TA1 Illb 
TA2 Illb 
TUlJc 0.00 
TU2_Ic 2.59 0.00 
TU3_IIIb 2.45 3.05 0.00 
TU4_IIIb 1.42 2.54 2.31 0.00 
TUSJIIb 2.58 1.81 1.93 2.49 0.00 
UK2 Illb 1.91 2.17 2.40 1.62 1.56 0.00 
UK3 Jlla 4.44 5.05 6.38 4.21 6.16 5.03 0.00 
USIJIIb 2.66 3.85 4.13 3.41 3.42 2.53 5.53 0.00 
USIOJIIb 2 58 1.06 3.14 2.14 2 26 2.09 4.39 4.05 0.00 
USllIIIa 3.26 3.70 5.09 2.87 4.73 3.73 1.72 4.55 3.12 0.00 
US4_IIIa 4.40 5.03 6.02 186 6.02 5.01 1.39 5.93 4.30 1.64 0.00 
US7JIIa 4.34 4.96 6.12 3.94 6.03 4.98 0.89 5.73 4.29 1.49 0.58 0.00 
US9JIIb 2.33 2.64 3 89 1.77 3.43 2.30 2.80 3.60 1.97 1.59 283 2.74 0.00 
US 19 Illb 3.37 3.88 5.35 132 5.08 4.24 1.72 4.85 3.45 1.04 1.83 1.54 2.22 
UZI Illb 2.73 3.41 4.03 2.61 3.26 1.79 4.43 2.05 3.12 3.49 4.75 4.61 2.28 
to 
o 
o 
0.00 
4.13 0.00 
Table 7A. Euclidean distances, based on a combined data set of seed essential oils and fatty acids, for 59 coriander populations in 
2003. 
Population AFlJIIb ARlJIb AR2_IIb AZIJIIb AZ2_IIIb BUlJIIb CA2Ic CH2JIIb CHLlJIIb CZ2IIIb ETlJc ET2Jc FRIJIIb FR2JIIb GE2_IIIb 
AFlIIIb 0.00 
ARlJIb 13.60 0.00 
AR2IIb 15.36 5.19 0.00 
AZIIIIb 8.20 9.69 11.10 0.00 
AZ2_IIIb 10.74 7.45 7.35 6.76 0.00 
BUlJIIb 12.35 10.94 11.29 9.53 7.60 0.00 
CA2 Ic 9.43 9.63 12.07 8.20 8.57 10.98 0.00 
CH2 Illb 10.58 9.66 10.24 6.49 7.92 11.50 8.61 0.00 
CHLlJIIb 10.33 8 39 8.86 7.27 6.15 10.31 10.06 8.81 0.00 
CZ2IIIb 11.43 10.06 11.12 7.53 7.37 7.41 8.10 7.10 10.43 0.00 
ETlJc 12.13 14.52 17.08 12.35 14.05 15.59 8.81 13.52 15.43 12.42 0.00 
ET2Ic 11.88 7.18 8.68 8.77 6.81 7.45 7.62 9.72 8.71 7.32 11.57 0.00 
FRIJIIb 12.55 7.78 8.30 8.43 5 69 5.17 9.84 9.82 8.33 7.19 14.78 5.60 0.00 
FR2IIIb 13.78 11.82 13.04 10.93 9.29 5.12 11.63 12.98 11.58 8.13 15.21 7.60 6 89 0.00 
GE2IIIb 13.88 9.53 9.64 10.56 7.93 4.04 11.47 12.11 9.99 8.32 16.14 6.65 4.68 5.60 0.00 
GE5 Illb 14.36 12.47 13.06 11.97 10.32 4.98 12.62 13.81 12.00 9.39 16.33 8.42 7.12 5.23 4.18 
GE6JIIb 12.38 10.01 10.10 8 85 7.16 5.00 10.99 10.75 9.46 8.28 15.43 6.99 4.17 7.00 5.31 
GEOlJIIb 10.78 7.68 7.40 6.13 4.00 9.55 9.17 7.51 5.93 8.58 13.97 7.61 7.27 11.08 9.67 
INI l ib 8.94 10.71 11.78 7.99 8 83 11.12 9.51 9.81 7.41 10.68 12.87 8.67 10.11 12.29 11.58 
IN7_Ib 12.18 6.72 5.27 8.96 6.23 10.71 10.99 9.22 6.43 10.80 15.92 8.43 8 28 12.73 9 96 
IN9_Ib 11.34 7.28 7.50 8.65 7.57 11.85 10.47 9.24 5.62 11.47 15.22 8.93 9.50 13.52 11.15 
KA3_IIIb 6.81 11.58 13.20 7.05 8 98 12.75 8.10 885 8.13 10.89 11.95 10.66 11.54 13.62 13.65 
ME1 Jlla 11.98 7.61 9.98 9.50 7.37 7.13 8.91 10.02 10.18 7.43 14.05 6.89 5.99 8.04 7.26 
MEMJIIa 12.99 10.35 10.82 10.81 8.35 4.76 11.32 11.92 10.57 8 88 16.31 8.02 6.05 7.52 5.21 
ME2_Ic 12.43 6.95 6.39 8.91 4.71 8.73 9.70 865 7.93 8 82 15.39 7.13 6.02 10.39 8.37 
ME4Jc 10.61 8.05 9.03 6.26 4.84 7.09 7.49 7.06 7.98 5.81 12.54 6.26 5.17 8 30 7.67 
ME5 Ilia 11.97 8.24 9.01 9.42 7.25 6.05 9.65 10.67 9.08 8.52 14.10 6.25 4.85 8.29 5.13 
ME7Jc 11.75 6.13 6.57 8.02 4.09 8.59 8.04 7.66 7.71 7.60 13.63 6.03 5.67 10.07 8.39 
NT2Jc 10.83 638 8.25 8.15 6.78 976 4.90 8.01 8.10 7.84 10.86 5 22 7.48 10.91 9.20 
OM2_Ib 11.55 6.31 7.19 8.35 6.83 10.31 8.95 8.23 5.69 9.85 15.07 7.96 7.76 11.73 9.36 
OM8_Ib 11.47 7.05 6.97 8.63 6.35 10.64 9.07 829 5.75 10.41 15.46 8.49 8.25 12.53 9 99 
PAlIb 13.67 8.01 5.56 10.42 6.85 12.19 11.91 9.96 7.32 12.15 17.37 10.02 9.46 14.26 11.48 
Table 7 A. (continued). 
Population AFIJIIb ARlIIb AR2JIb AZIJIIb AZ2_IIIb BUlJIIb CA2Jc CH2 Illb CHLlIIIb CZ2JIIb ETlJc ET2Jc FRIJIIb FR2JIIb GE2JIIb 
PO 1 Illb 10.89 9.55 10.07 8.73 6.84 7.10 9.26 10.36 7.76 8.26 14.46 6.97 5.88 8.72 6.57 
RF2_IIIb 11.46 19.78 21.71 14.97 17.55 20.03 13.82 15.31 16.13 17.04 15.03 17.85 19.41 20.13 21.20 
RFSJIIb 7.39 9.76 11.38 5.17 6.52 10.11 7.30 7.47 5.94 8.73 12.43 8.59 8.70 11.08 10.76 
RF4IIIb 9.12 7.83 8.53 5.69 5.66 10.31 7.96 7.86 6.72 9.20 12.45 8.27 8 65 12.05 10.64 
RFSJIIb 10.07 7.03 7.28 6.20 4.77 9.47 8.20 7.50 5.34 8.88 14.23 7.77 7.49 11.34 9.37 
RFÔIIb 14.76 4.13 3.50 10.79 7.78 11.59 11.00 10.30 8.96 11.08 15.67 7.86 8.59 13.01 9.86 
ROI Illb 13.30 11.63 11.98 9.96 9.23 5.32 11.87 11.89 10.95 8.56 16.20 8.28 6.16 7.30 568 
SUlJa 9.53 8.87 9.61 7.19 6.61 9.21 7.27 8.12 5.96 9.00 13.77 7.77 7.65 10.94 9.39 
SYllb 10.35 7.57 7.11 7.20 3.35 7.53 8.43 7.76 5.91 7.65 14.01 6.21 5.59 9.60 7.52 
SY2_IIa 13.84 6.84 6.71 9.59 7.61 11.50 11.00 10.01 9.45 10.87 15.33 9.16 9.19 12.96 10.78 
TAlJIIb 9.03 9.90 10.18 7.74 7.03 12.23 9.28 8.26 5.67 11.02 14.54 9.94 10.16 13.81 12.56 
TA2JIIb 16.84 20.83 21.38 16.30 15.82 11.55 18.05 18.87 17.38 14.76 20.84 16.42 14.79 10.98 13.61 
TUlJc 889 11.11 12.25 6.62 8.47 10.53 8.24 8.91 9.15 9.14 11.14 8.54 9 69 11.78 11.52 
TU2_Ic 12.39 6.49 5.16 9.13 5.38 10.60 9.39 8.44 7.43 9 93 14.83 7.38 7.74 12.37 9.87 
TU3JIIb 882 12.54 13.51 6.71 7.98 10.21 10.68 10.09 7.26 10.39 14.62 10.50 9.86 11.11 11.56 
TU4IIIb 12.72 5.36 3.82 866 4.69 9.09 10.00 8.66 6.88 9.19 15.39 6.92 6.48 11.04 832 
TU5_IIIb 12.24 7.16 5.58 8.54 4.70 9.67 10.12 829 6.66 9.64 15.87 7.92 7.31 11.67 9.34 
UK2IIIb 12.61 15.52 16.13 11.34 10.86 6.53 13.26 13.75 12.86 9.72 16.88 11.44 9.18 7.23 8.83 
UK3IIIa 12.56 6.34 7.04 9.42 7.11 7.49 9.18 9.99 8.73 8.28 13.91 5.05 5.62 9.30 5.92 
USIJIIb 9.60 11.47 11.90 8.54 8.55 11.48 11.51 10.31 6.00 11.45 15.95 10.56 10.14 12.82 11.61 
USIOJIIb 10.62 9.17 9.22 8.37 5.53 5.87 9.61 9.69 832 8.19 15.02 7.25 4.83 8.79 6.60 
USllJIIa 13.07 6.80 6.47 9 62 6.34 7.49 9.96 10.29 8.56 8.92 14.96 6.15 5.04 9.71 6.24 
US4IIIa 13.21 7.35 7.58 9.84 7.14 6.80 9.75 10.60 9.07 8.52 14.80 5.92 5.24 9.09 5.57 
US7IIIa 12.66 7.03 7.90 9.13 6.52 6.51 8.76 10.17 9.22 7.66 13.54 5.63 5.07 8.32 5.59 
US9 Illb 17.56 19.85 20.32 16.63 16.22 10.46 18.01 18.52 17.79 13.97 20.65 15.28 13.66 10.28 11.98 
US19JIIb 9.65 11.55 13.17 8.96 9.74 12.44 9.84 10.13 7.81 11.10 13.58 10.34 11.11 13.02 12.59 
UZlJIIb 18.03 19.16 20.02 16.32 15.76 10.96 18.28 18.95 17.04 14.37 21.58 15.27 13.04 10.06 11.98 
Table 7 A. (continued). 
Population GESIIIb GEôJIIb GEOlJIIb INllIb IN7_Ib IN9Jb KA3_IIIb MElJIIa MEMJIIa ME2Jc ME4Ic ME5_IIIa ME7_Ic NT2_Ic OM2_Ib 
_____ 
AR1 lib 
AR2IIb 
AZIJIIb 
AZ2_IIIb 
BUlJIIb 
CA2Ic 
CH2JIIb 
CHLlJIIb 
CZ2JIIb 
ETlJc 
ET2 Je 
FRlIIIb 
FR2IIIb 
GE2 Illb 
GE5_IIIb 0.00 
GE6_IIIb 6.59 0.00 
GEOlJIIb 12.11 8.42 0.00 
INllIb 12.57 9.61 7.96 0.00 
IN7_Ib 12.91 9.07 5.71 8.09 0.00 
IN9_Ib 13.75 10.70 5.90 8.24 5.62 0.00 
KA3JIIb 14.61 12.07 8.67 7.59 9.99 9.65 0.00 
MElJIIa 9.05 7.68 9.33 11.32 9.97 10.72 12.12 0.00 
MEMJIIa 6.55 6.75 10.53 11.75 10.75 11.99 13.48 6.04 0.00 
ME2Jc 11.32 7.75 5.24 10.01 6.24 7.64 11.07 7.02 8.60 0.00 
ME4Jc 9.66 6.68 5.46 9.25 8.21 8.84 9.46 638 8.13 5.57 0.00 
ME5JIIa 6.78 5.73 8.95 9.90 8.64 10.04 11.56 6.59 5.27 7.93 6.51 0.00 
ME7Je 11.09 7.85 4.99 9.46 6.42 7.50 10.08 6.31 8.58 2.91 4.17 7.13 0.00 
NT2_Ic 11.21 9.21 7.30 8.75 798 7.77 8.91 7.64 9.59 7.24 6.21 7.08 5.40 0.00 
0M2Jb 11.91 9.37 6.84 9.07 6.56 576 9.56 8.50 9.94 6.34 7.58 8.16 6.34 616 0.00 
0M8_Ib 12.67 9.65 6.29 8.71 5.70 5.21 9.06 9.39 10.34 5.74 7.71 8.63 582 6.33 3.54 
PAl_Ib 14.58 10.88 5.82 10.35 4.56 6.06 11.44 11.27 11.96 5.56 9.18 10.70 653 9.04 7.08 
Table 7A. (continued). 
Population OESJIIb GEôIIIb GEOlJIIb INllJb IN7_Ib IN9_Ib KA3 Illb MElIIIa MEMJIIa ME2Jc ME4Jc MESJIIa ME7Jc NT2_Ic OM2Jb 
POlIIIb 7.94 6.42 853 9.03 8.76 9.56 10.25 788 7.38 8.20 7.15 5.75 7.70 7.04 7.78 
RF2IIIb 21.36 19.79 17.26 15.53 18.98 16.94 11.50 18.85 20.57 19.12 17.01 19.45 18.09 16.00 17.16 
RFSJIIb 11.87 9.64 6.62 7.37 8.97 7.86 5.18 9.39 10.75 8.70 6.52 9.03 7.51 6.99 7.24 
RF4JIIb 12.90 9.39 3.79 7.27 6.02 6.27 7.56 9.57 11.23 6.91 633 9.24 6.22 6.93 7.36 
RFSJIIb 11.91 8.35 4.54 7.26 4.73 5.94 7.73 9.01 10.19 5.96 6.28 829 5.59 626 5.75 
RF6JIb 13.00 10.32 7.92 11.18 5.68 7.09 12.48 9.41 11.06 7.21 8.92 839 6.57 6.90 6.68 
ROI Illb 5.74 4.79 10.82 11.07 11.19 12.43 13.16 858 6.58 10.40 8.59 6.22 10.04 10.20 10.54 
SUlJa 11.21 8.70 6.87 7.24 7.65 7.72 7.58 9.34 9.72 7.16 692 8.30 6.80 6.13 6.03 
SYl_Ib 989 6.94 4.46 7.78 5.43 7.15 8.87 7.56 7.86 4.23 4.96 6.43 3.96 5.97 5.86 
SY2_IIa 13.48 10.54 7.35 11.52 7.21 8.42 11.49 10.19 11.92 8.00 8.74 9.76 7.44 8.33 8.19 
TAlJIIb 14.38 11.50 6.43 8.38 7.70 6.64 6.66 11.12 12.04 8.18 8.75 10.88 7.76 8.00 7.15 
TA2_IIIb 11.35 13.83 17.65 17.64 19.84 20.20 17.80 15.85 13.91 17.71 15.44 15.55 17.62 18.50 18.76 
TUlJc 12.62 9.96 858 7.90 10.03 10.35 8.24 989 10.63 9.94 8.17 998 8.91 8 19 9.87 
TU2Jc 12.82 9.21 4.85 9.37 4.85 6.15 10.40 9.18 10.49 3.76 7.08 8.75 4.19 6.42 6.00 
TU3_IIIb 12.07 10.36 8.02 9.25 11.07 9.99 8.36 10.95 11.22 10.41 8.47 10.88 9.76 10.65 10.33 
TU4IIIb 11.41 8.19 4.95 9.50 4.16 6.46 10.77 830 898 4.49 6.69 7.55 4.43 6.75 6.24 
TUSJIIb 12.24 8.45 4.26 8 89 4.39 6.25 10.21 9.24 10.01 3.72 6.91 884 4.60 7.46 6.17 
UK2_IIIb 7.32 8.06 12.68 12.68 14.48 15.42 13.63 10.72 8.94 12.59 10.10 998 12.39 13.37 13.79 
UK3JIIa 838 7.06 8.20 9.59 7.54 8.59 11.82 6.34 6.19 7.06 7.07 4.27 6.33 5.71 6.95 
USIJIIb 12.74 10.02 8.56 7.40 8.56 8.28 8.25 11.43 11.78 10.57 978 10.23 10.12 9.95 8.82 
USIOJIIb 8.53 5.87 7.20 968 8.12 9.24 10.58 6.16 5.04 5.84 5.77 5.19 5.85 7.77 7.72 
USllJIIa 8.87 6.65 7.73 9.77 6.65 8.75 11.65 6.95 6.18 6.44 689 4.12 5.83 6.58 7.31 
US4JIIa 8.11 7.03 8.77 10.65 8 39 9.50 12.41 6.63 5.10 7.43 7.12 3.94 6.66 6.50 7.69 
US7JIIa 7.96 7.00 829 10.70 8.74 9.66 11.90 5.76 5.34 7.18 5.98 3.71 6.05 6.01 7.76 
US9IIIb 8.87 12.13 18.04 17.30 19.37 20.11 18.84 14.69 11.83 17.50 15.54 13.89 17.40 17.85 18.40 
US 19 Illb 13.30 12.12 9.97 862 11.11 9.85 7.95 11.16 11.79 11.61 9.85 10.41 10.26 8 83 9.20 
UZlIIIb 10.38 12.42 17.55 17.56 18.92 19.43 18.95 13.91 12.38 16.79 15.24 14.68 16.89 18.03 17.82 
Table 7A. (continued). 
Population OM8_Ib PAlJb POlJIIb RF2_IIIb RF3_IIIb RF4IIIb RFSJIIb RF6_IIb ROlJIIb SUlIa SYllb SY2JIa TAlJIIb TA2_IIIb TUlJc 46 
AFIJIIb 
ARlJIb 
AR2JIb 
AZIJIIb 
AZ2_IIIb 
BUlJIIb 
CA2Ic 
CH2IIIb 
CHLlJIIb 
CZ2IIIb 
ETlJc 
ET2Jc 
FRlIIIb 
FR2JIIb 
GE2IIIb 
GE5IIIb 
GE6 Illb 
IN7_Ib 
IN9_Ib 
KA3_IIIb 
MElJIIa 
MEMJIIa 
ME2_Ic 
ME4Jc 
MESJIIa 
ME7Jc 
NT2Jc 
OM2_Ib 
OM8Jb 0.00 
PA1 Ib 5.49 0.00 
GE01_IIIb 
INI 1 Ib 
to O 
Table 7A. (continued). 
Population OM8_Ib PAlJb POlJIIb RF2 Illb RF3_IIIb RF4IIIb RFSJIIb RF6JIb ROlJIIb SUlJa S Y l I b  SY2JIa TA 1 Illb TA2JIIb TUlJc 46 
POlJIIb 8.12 10.40 0.00 
RF2_IIIb 17.22 19.77 17.27 0.00 
RF3JIlb 7.14 10.03 7.6 0 12.82 0.00 
RF4IIIb 6.74 7.11 8.96 16.49 6.48 0.00 
RFSJIIb 4.53 6.17 7.21 16.82 5.98 4.04 0.00 
RF6_IIb 6.93 7.13 9.66 20.67 10.61 8.48 7.32 0.00 
ROlJIIb 11.36 13.31 6.56 20.18 10.59 11.60 10.30 11.67 0.00 
SUlJa 5.08 8.15 6.60 15.76 5.86 6.50 4.46 9.70 10.16 0.00 
SYl_Ib 5.37 6.13 5.88 17.43 6.46 5.65 4.41 7.52 8.70 5.16 0.00 
SY2JIa 8.34 818 10.58 19.92 10.08 7.68 7.45 6.34 12.16 9.85 8.04 0.00 
TAlJIIb 6.29 7.23 9.34 13.63 5.38 6.90 6.40 10.17 13.04 6.62 6.47 10.06 0.00 
TA2JIIb 18.96 20.90 14.40 21.89 15.69 18.45 17.79 21.44 12.90 16.61 16.06 20.41 18.67 0.00 
T U l I c  9.91 11.39 9.00 14.97 7.16 7.72 8.22 11.81 10.78 7.94 7.92 11.36 8.48 16.94 0.00 
TU2_Ic 4.78 3.77 8.83 18.53 8 68 6.10 5.25 5.86 11.70 7.02 4.55 7.20 7.08 19.74 9.92 
TU3JIIb 10.27 11.54 9.71 14.88 5.68 8.59 8.95 13.40 11.26 8.77 8.32 12.31 7.45 13.85 8.64 
TU4 Illb 5.72 4.57 8 37 19.59 8.84 6.31 5.24 4.98 10.24 7.40 4.27 6.45 7.78 18.86 9.93 
TUSJIIb 4.71 3.52 8 56 18.97 8.42 5 88 4.42 6.83 10.90 6.44 3.91 7.47 7.06 18.57 9.94 
UK2JIIb 14.07 15.97 9.31 19.32 11.18 13.31 12.55 16.23 7.56 11.74 10.81 15.64 14.22 7.51 12.06 
UK3_IIIa 7.73 9.35 6.42 19.48 9.21 8.67 7.71 6.22 7.56 8 22 6.12 8.60 10.07 17.50 9.30 
USIJIIb 880 10.51 7.37 14.81 6.60 8.72 7.71 11.37 10.60 8.37 8.11 11.63 7.53 16.61 9.42 
USIOJIIb 7.67 8.96 6.11 18.35 8.00 8.16 7.47 9.48 7.01 7.49 4.79 9.83 8.73 14.69 8.80 
USllJIIa 7.29 8.34 6.66 20.11 9.34 8.45 7.22 6.30 7.50 8.09 5.40 8.38 9.80 17.40 9.73 
US4IIIa 8.13 9.72 6.55 20.10 9.70 9.47 8.31 7.26 7.19 8.45 6.37 9.40 10.50 16.85 9.77 
US7JIIa 8.32 10.08 6.74 19.61 9.14 8 78 8.13 7.37 7.42 8.51 6.36 8.91 10.57 16.44 9.49 
US9 Illb 18.88 20.84 13.83 23.37 16.68 18.84 18.07 20.45 10.45 16.85 16.00 20.07 19.35 7 86 16.59 
US 19 Illb 9.50 12.50 9.40 13.45 5.79 10.02 9.61 12.04 12.15 9.00 9.35 12.51 7.68 17.22 8.98 
UZlJIIb 18.50 20.29 13.54 23.51 16.38 18.52 17.52 20.18 11.27 16.63 15.90 19.86 19.01 8.82 16.75 
Table 7A. (continued). 
Population TU2_Ic TU3_IIIb TU4_IIIb TU5_IIIb UK2_IIIb UK3_IIIa USIJIIb USIOJIIb USllJIIa US4JIIa US7JIIa US9JIIb US19JIIb UZlJIIb 
AFIJIIb 
ARlJIb 
A R 2 I I b  
AZIJIIb 
AZ2_IIIb 
BUlJIIb 
CA2Jc 
CH2JIIb 
CHLlJIIb 
CZZJIIb 
ETlJc 
ET2Jc 
FRIJIIb 
FR2JIIb 
GE2_IIIb 
GE5_IIIb 
GE6 II Ib 
IN7_Ib 
IN9_Ib 
KA3_IIIb 
M E l I I I a  
MEMJIIa 
ME2Jc 
ME4Jc 
M E 5 I I I a  
ME7Jc 
N T 2 I c  
OM2 Ib 
OM8_Ib 
PA1 Ib 
GEOlJIIb 
INI 1 Ib 
(O O 
-J 
Table 7A. (continued). 
Population TU2 le TU3 Illb TU4 Illb TU5 Illb UK2 Illb UK3 Ilia US1 Illb USIO Illb US11 Ilia US4 Ilia US7 Ilia US9 Illb US19 Illb UZ1 Illb 
P O l I I I b  
RF2_IIIb 
RFSJIIb 
RF4JIIb 
RFSJIIb 
RFÔJIb 
ROI Illb 
SUlJa 
S Y l l b  
SY2JIa 
TAlJIIb 
TA2_IIIb 
TU1 le 
TU2Jc 0.00 
TU3_IIIb 11.06 0.00 
TU4_IIIb 3.77 10.46 0.00 
TUSJIIb 2 86 10.14 3.21 0.00 
UK2_IIIb 14.50 10.48 13.56 13.39 0.00 
UK3JIIa 7.35 11.32 6.01 7.76 12.01 0.00 
USIJIIb 10.27 8.06 10.11 9.64 12.31 10.31 0.00 
USIOJIIb 7.54 8.78 6.67 7.00 9.19 5.97 9.33 0.00 
USllJIIa 6.81 11.17 5.13 6.79 11.79 3.35 10.14 4.96 0.00 
US4JIIa 8.07 11.30 6.36 8.20 11.60 2.84 10.95 5.43 3.07 0.00 
US7JIIa 8.06 10.93 6.54 833 11.21 3.46 11.15 5.42 3.80 2.44 0.00 
U S 9 I I I b  19.42 15.37 18.18 18.43 7.80 15.55 16.96 13.82 15.72 15.02 14.96 0.00 
US 19 Illb 11.47 7.98 11.22 11.44 13.33 10.03 7.05 10.05 10.47 10.53 10.41 17.43 
UZlJIIb 19.17 14.92 18.00 18.06 8.56 15.90 16.30 13.78 15.86 15.44 15.38 8.08 
K) O 
00 
0.00 
17.36 0.00 
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APPENDIX B. ACCESSIONS REPRESENTATIVE OF SUBSPECIES AND 
BOTANICAL VARIETIES 
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Herbarium Vouchor for Dissertation Research 
nf Pedro L opez 
Iowa Stale University. Am 
tndru m 
Cultivated plant garden at the 
Plant Introduction Station 
3626 of the U S National Plant 
Gcrmnlastn System 
uudlot: OlncaiOl planted 05/03/04 
Original pro\ 
For vouchor Pedro Lopez 0Û2D 
Pedro Lopez 016B 
Collection dale; 6'22-D4 
Figure IB. Accession Ames 23626 (SUlJa), representative of subspecies indicum var. 
pygmaeum. 
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Herbarium Voucher tor Dis Research 
ot Pedro Lopez 
Stale University, Ames 
Lonanai 
garden at the Cultivated p growing 
North Central Regional Plant Introduction Station. 
Ames. Iowa 
\ccession Amesl8507 of the U.S. National Plant 
Germplasm System 
Grown from seedlot: OOncaiOl planted on: U5 03 04 
Original prov 
;her 111 fruit 
Pedro Lopez 006A 
date: (v 14/0404 
Figure 2B. Accession 
indicum. 
Ames 18507 (IN7_Ib), representative of subspecies indicum var. 
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Heitarium Voucher for Dissertation Research 
of Pedro Lopez 
Iowa State University, Ames 
North Central Regional Plant Introduction Station, 
Accession Ames23633 of the U S. National Plant 
Gtrmplasm System. 
Grown from seedlot: OlncaiOl planted on: 05/03/04 
Original provenance: Oman 
For voucher in flower, see Pedro Lopez 019 
Pedro Lôpci 030A ^ 
i jilllil lljllll|llil|llll| liillMillljisHH ItlllNlllil'lll'lijlliiiljliMirj'IIH'llljlliiltl 
jO 1 2 34 5 67 8S 
Figure 3B. Accession Ames 23633 (OM2_Ib), representative of subspecies indicum var. 
omanense. 
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voucher tor Dissertation Research 
of Pedro ! opez 
Iowa State University. Ames 
Côi ialiilrum : 
L ulnvated plant urowmg garden at die 
North Centrai Regional Plant Introduction Station 
"Vines. Iowa. 
PI 193769 of the U.S. National Plant 
Germplasm Svste 
brown Irom scedlot: OlncaiOl planted on: 0) 03/04 
Original pro\ Ethiopia 
truit. see Pedro Lopez 005 
Pedro I opez 022B 
Collection date: 7/13/04 Sheet 1 of 1 
Figure 4B. Accession PI 193769 (ETl_Ic), representative of subspecies sativum var. 
africanum. 
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Figure 5B. Accession Ames 4998 (TUl_Ic), representative of subspecies sativum var. 
sativum. 
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Herbarium Vouchor tor Dissertation Rescard 
of Pedro L6n 
Iowa State University, Ames 
Coriandrum 
Cultivated plant growing m a common garden at the 
North Centra! Regional Plant Introduction S 
Ames25f>96 of the U.S. National Plant 
Germplasm S> 
Grown from seedlot: OOncaiOl planted on: 05'03 '04 
Original prov 
For voucher in fruit Pedro Lopez LHi 
Pedro Lopez ()72A 
Co lection date: 8/05 04 Sheet of 2 
I'll.II;!]! ! 
Figure 6B. Accession Ames 25696 (SY3_IIa), representative of subspecies microcarpum var. 
syriacum. 
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Herbarium Voucher for Dissertation Research 
of Pedro Lopez 
Iowa Stale University, Amc 
Coriandrum 
Cultivated plant growing arden at tht 
North Central Regional Plant introduction Station 
Accession Ames23h96 of the U.S. National Plant 
Ciennplasm System 
trom scedlot: OOn plained Q.v().v')4 
Original provenance: Svri 
Pedro Lopez 110 
Pedro Lopez 072A 
Collection date: 8 05/04 Sheet 2 of 
Figure 6B. Accession Ames 25696 (SY3_IIa), representative of subspecies microcarpum var. 
syriacum (continued). 
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Herbarium Voucher tor Dissertation Research 
of Pedro Lopez 
lewa Slate University. Ames 
( ariandmm 
Cultivated plant growing common garden at the 
North (. entrai Regional Plant introduction Station. 
Ames. Iowa 
Ames->49 of the U.S. National Plant 
Gcrmplasm System 
from seedlot: UlncaiUi planted 05-03/04 
Original provenance: F 
l-or voucher flower, see Pedro Lopez 041 
Pedro Lopez 082B 
L.oliection date: 8.07.04 Sheet 1 of 1 
Figure 7B. Accession Ames 24927 (AR2_IIb), an intermediate between subspecies indicum 
and microcarpum. 
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Herbarium Voucher for Dissertation Research 
of Pedro Lopez 
lowa State University. Ames 
Coriarub 
Cultivated plant growing arden at the 
Plant [jilroduc North ( entrai Res 
\mes. Iowa 
f'l2560bl of the U .S. National Plant 
CiCTlllpl Svstcm 
from secdlot: OtincaiO I planted on: 05.-03'04 
Original provenance: Afg 
For voucher in lower, see Pedro Lopez 012 
Pedro Lopez O&Jti 
i/o ection date: «. <) - 04 
Figure 8B. Accession PI 256061 (AFl_IIIb), representative of subspecies microcarpum var. 
microcarpum. 
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I lerbanum Voucher for Dissertation Research 
of Pedro Lopez 
Iowa State University. Ames 
CoriantU 
Cultivated plant growing garden ai the 
North Central Regional Plant Introduction Station 
Ames. Iowa 
PI2.">f>06! oflheL.S. National Plant 
licrmnlasm Svstcm 
Grown Irora seedlot: UOncaiOl planted on: 05/Q3.'04 
Original provenance: Afghanistan 
For voucher in flower Pedro Lopez 012 
Pedro Lopez 0S5B 
Collection date: 8-07'04 Sheet 2 of 2 
Figure 8B. Accession PI 256061 (AFl_IIIb), representative of subspecies microcarpum var. 
microcarpum (continued). 
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Figure 9B. Accession PI 478378 (CH2_IIIb), representative of subspecies microcarpum var. 
asiaticum. 
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Herbarium Voucher for Dissertation Research 
Pedro Lopez 
State University, Ail 
Cultivated plant growing garden at ill 
North Central Regional Plant Introdu Station 
Ames. low 
Amesl8576 oJ the U.S. National riant 
Gcrmplasm System 
(jiuwT. Irom seedlov. 92ncaiUl planted on: IJ5. U3-'U4 
Original Russian l-edcration 
llowcr. see Pedro Lopez 017 
Pedro Lopez U2VW 
Collection date. 7/13'04 Sheet ! ot 
Figure 10B. Accession Ames 18576 (RF2_IIIb), representative of subspecies microcarpum 
var. vavilovii. 
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Herbarium Voucher for Dissertation Research 
of Pedro Lopez 
Iowa State University, Ames 
Cultivated plain growing in a common garden at the 
North Central Regional Plain Introduction Station, 
Ames, Iowa. 
Accession; Ames25170 of the U.S. National Plant 
Gcrmplasm System. 
Grown from seedloc: UlncaiOl planted on: 05<03'04 
Original provenance: United Stales of America 
For voucher in fruit, see Pedro Lôpez 097 
Pedro Lopez U46A 
Collection date: 7/24 04 Sheet 1 of 2 
pi t ii|iiii|iiii|Hiif-(ii(mi|iiii[im Mpp|f ti|ini|inp |iiii|ihi|iiii|ii 
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Figure 1 IB. Accession Ames 25170 (US7_IIIa), representative of subspecies microcarpum 
var. microcarpum. 
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Herbarium Voucher tor Dissertation Research 
of Pedro Lôpez 
Iowa State University. Ames 
C oriaiuii 
l ullivated plant growing garden at the 
North (.entrai Regional Plant introduction Station. 
Ames. Iowa 
\cccssion: Ames25170 ol the U.S. National Plant 
Gcrmplasm System 
cdlot: OlncaiOl planted on: 05/03-04 
Original provenance: United Stales ot Aui 
For voucher m fruit. Pedro Lopez 097 
Pedro I.opez 046A 
date: .• '24 04 Sheet 2 ol 
Figure 1 IB. Accession Ames 25170 (US7_IIIa), representative of subspecies microcarpum 
var. microcarpum (continued). 
